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ABSTRACT
S t u d i e s  w ere  u n d e r t a k e n  to  d e te rm in e  th e  c a u s a t i v e  a g e n t ( s )  
o f  e p i z o o t i c s  among so y b ean  l o o p e r s  ( P s e u d o p lu s ia  i n c lu d e n s )  
o b s e rv e d  in  th e  l a t e  summer o f  r e c e n t  y e a r s .  B a c t e r i a ,  f u n g i ,  
and v i r u s e s  a s s o c i a t e d  w i th  d i s e a s e d  l a r v a e  w ere  i s o l a t e d  and 
c h a r a c t e r i z e d .
The m i c r o f l o r a  o f  l a b o r a t o r y - r e a r e d  l a r v a e  d i f f e r e d  m a rk e d ly  
f ro m  th e  m i c r o f l o r a  o f  l a r v a e  c o l l e c t e d  from  so y b ean  f i e l d s .  
T w e n ty - fo u r  b a c t e r i a l  i s o l a t e s  r e p r e s e n t i n g  13 g e n e ra  w ere  
c u l t u r e d  from  m id -g u t  t i s s u e s  o f  f i e l d - c o l l e c t e d  l o o p e r s .  I t  
a p p e a r e d  t h a t  t h e  m i c r o f l o r a  o f  th e  s o y b ean  l o o p e r  was d e p e n d e n t  
upon th e  m i c r o f l o r a  o f  th e  food  i n g e s t e d .  F iv e  b a c t e r i a l  i s o l a t e s  
w ere  c u l t u r e d  fro m  m id - g u t s  o f  l a b o r a t o r y - r e a r e d  l a r v a e ,  a l th o u g h  
s e v e n t y - f i v e  p e r  c e n t  o f  t h e  l a r v a e  w ere  f r e e  o f  b a c t e r i a  t h a t  
c o u ld  be c u l t u r e d  by th e  m ethods em p loyed .  S i x t y  p e r  c e n t  o f  th e  
b a c t e r i a  i s o l a t e d  from  d i s e a s e d  l a r v a e  c o l l e c t e d  d u r in g  th e  1969 
e p i z o o t i c  w ere p o t e n t i a l  p a th o g e n s  from  th e  g e n e ra  B a c i l l u s  and  
P seudom onas .
Two f u n g i  w ere  a s s o c i a t e d  w i th  d i s e a s e d  £ .  i n c l u d e n s  l a r v a e  
c o l l e c t e d  d u r in g  e p i z o o t i c s .  R e s t i n g  s p o r e s  and  c o n i d i a  o f  
E n tom oph tho ra  ( T . ) gammae w ere  fo u n d .  I n f e c t i v i t y  o f  t h i s  fu n g u s
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f o r  so y b ean  l o o p e r s  c o u ld  n o t  be  e s t a b l i s h e d  i n  th e  p r e s e n t  
i n v e s t i g a t i o n  and  a t t e m p t s  t o  c u l t u r e  th e  p a th o g e n  w ere  a l s o  
u n s u c c e s s f u l .  A se c o n d  f u n g a l  i s o l a t e  was o b t a i n e d  by p l a c i n g  
a n t i b i o t i c - t r e a t e d  r e s t i n g  s p o r e s  o f  E_. (T_.) gammae i n  a  c u l t u r e  
o f  mouse L c e l l s .  T h is  f u n g a l  c u l t u r e  showed no p a t h o g e n i c i t y  
f o r  so y b ean  l o o p e r s  by i n g e s t i o n  o r  th ro u g h  c u t i c u l a r  c o n t a c t .
The fu n g u s  was i d e n t i f i e d  by D r .  E. G. Simmons o f  U. S. Army 
N a t i c k  L a b o r a t o r i e s  a s  a  s p e c i e s  o f  R h i n o c l a d i e l l a .
V i r u s e s  w ere  i s o l a t e d  from  P_. i n c l u d e n s  l a r v a e  d u r in g  th e  
e p i z o o t i c s  o f  1970 and  1971 . Both o f  th e  i s o l a t e s  w ere  n u c l e a r  
p o l y h e d r o s e s . T a r g e t  t i s s u e s  f o r  p o l y h e d r a l  f o r m a t i o n  w ere 
d e te r m in e d  to  be i d e n t i c a l  f o r  th e  i s o l a t e s  -  f a t  b o d y ,  e p i d e r m i s ,  
t r a c h e a e ,  and  w ing bud t i s s u e s .  By e l e c t r o n  m ic ro s c o p y  v i r i o n s  
w ere  o b s e r v e d  i n  n u c l e i  o f  m id -g u t  c e l l s  i n f e c t e d  w i t h  th e  1970 
i s o l a t e .  I n f e c t i o n  o f  f a t  body and  t r a c h e a l  c e l l s  was s i m i l a r  
f o r  th e  i s o l a t e s .  V i r o g e n ic  s t ro m a  was o b s e rv e d  i n  f a t  body 
c e l l s  w h ich  gave  r i s e  t o  v i r i o n s .  V i r i o n s  a c q u i r e d  membranes 
and  c o a l e s c e d  w i th  p o l y h e d r a l  m a t r i c e s .  P o ly h e d ra  fo u n d  i n  
t r a c h e a l  c e l l s  w ere  s u r r o u n d e d  by membranes and some had d a rk  
s t a i n i n g  c e n t e r s .
I n f e c t i v i t y  t e s t s  w i th  th e  1970 and 1971 v i r a l  i s o l a t e s  w ere  
c o n d u c te d  to  d e t e r m in e  th e  p a t h o g e n i c i t y  o f  th e  v i r u s e s  f o r  P_. 
i n c l u d e n s  l a r v a e .  L D ^ ' s  o f  t h e  v i r a l  i s o l a t e s  f o r  3 r d ,  4 t h ,  
and  5 th  i n s t a r  l a r v a e  w ere  o b t a i n e d .
x
From t h e s e  s t u d i e s  i t  a p p e a r e d  t h a t  b a c t e r i a l ,  f u n g a l ,  and 
v i r a l  p a th o g e n s  w ere  in v o l v e d  i n  e p i z o o t i c s  among l a r v a e  o f  
P s e u d o p lu s ia  i n c l u d e n s  i n  L o u i s i a n a  so y b ean  f i e l d s .
xi
INTRODUCTION
E p i z o o t i c s  among P s e u d o p lu s ia  i n c lu d e n s  l a r v a e  i n  L o u i s i a n a  
so y b ean  f i e l d s  hav e  b een  n o te d  i n  l a t e  A ugust to  Sep tem ber o f  
r e c e n t  y e a r s .  Dead l a r v a e  w ere fo u n d  on th e  u p p e r  p a r t  o f  soybean  
p l a n t s  a f f i x e d  to  th e  u n d e r s u r f a c e  o f  l e a v e s  by  t h e i r  p r o l e g s .
Two d i f f e r e n t  t y p e s  o f  d i s e a s e d  l a r v a e  w ere  c o l l e c t e d  d u r in g  th e  
e p i z o o t i c s  o f  1969 , 1970 , and  1971: a  brown ty p e  and  a  b la c k  
t y p e .  Brown sp ec im en s  w ere  d r y ,  l e a t h e r y ,  and f i r m l y  a t t a c h e d  to  
l e a v e s .  L a rv a e  o f  th e  second  ty p e  w ere  m o i s t ,  b r i t t l e ,  and 
e a s i l y  c r u s h e d .  Two weeks a f t e r  t h e  e p i z o o t i c s  had  b e g u n ,  th e  
l o o p e r  p o p u l a t i o n  had  b e e n  r e d u c e d  by more th a n  95%.
Crop damage i s  e x t e n s i v e  i n  many i n s t a n c e s  b e f o r e  e p i z o o t i c s  
among so y b ean  l o o p e r s  o c c u r .  S in c e  c h e m ic a l  i n s e c t i c i d e s  
r e g i s t e r e d  f o r  u s e  on  so y b e a n s  do n o t  e f f e c t i v e l y  c o n t r o l  t h i s  
i n s e c t  i n  L o u i s i a n a ,  a  b i o l o g i c a l  c o n t r o l  a g e n t  i s  d e s i r a b l e .  
B i o l o g i c a l  c o n t r o l  h a s  many a d v a n t a g e s .  P o l l u t i o n  o f  th e  
e n v i ro n m e n t  i s  c u r t a i l e d  s i n c e  t h e  n eed  f o r  a p p l y in g  c h e m ic a l  
i n s e c t i c i d e s  i s  e l i m i n a t e d .  Many b i o l o g i c a l  c o n t r o l  a g e n t s  
( e s p e c i a l l y  v i r u s e s )  a r e  h i g h l y  s p e c i f i c  f o r  t h e  p e s t  i n s e c t ,  
t h e r e b y  p o s in g  no d a n g e r  f o r  n o n t a r g e t  o r g a n i s m s .  The
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2b i o l o g i c a l  a g e n t  c o n t i n u a l l y  u n d e rg o e s  s e l e c t i o n  o f  more 
v i r u l e n t  s t r a i n s  a s  th e  i n s e c t  d e v e lo p s  r e s i s t a n c e .
S t u d i e s  w ere  u n d e r ta k e n  to  i s o l a t e  and  c h a r a c t e r i z e  
p a th o g e n s  a s s o c i a t e d  w i th  d i s e a s e d  l a r v a e  c o l l e c t e d  d u r in g  
e p i z o o t i c s ,  w i th  th e  e v e n t u a l  a im  o f  d e v e l o p in g  a  b i o l o g i c a l  
i n s e c t i c i d e  a g a i n s t  P s e u d o p lu s ia  i n c l u d e n s .
SELECTED LITERATURE
I .  B io lo g y  o f  P s e u d o p lu s i a  in c lu d e n s
Soybeans hav e  become a  m ajo r econom ic c ro p  in  L o u i s i a n a  
d u r in g  th e  l a s t  d e c a d e .  I n  1960, 2 1 6 ,0 0 0  a c r e s  w ere  p l a n t e d  w i th  
s o y b e a n s  a s  com pared to  1 ,4 3 6 ,0 0 0  a c r e s  i n  1968 and 1 ,6 9 5 ,0 0 0  
a c r e s  i n  1971 ( F i e l d e r ,  P a r k e r ,  and  P enn , 1969; USDA S t a t i s t i c a l  
R e p o r t i n g  S e r v i c e ,  1 9 7 2 ) .  An i n c r e a s e  i n  damage to  so y b ean s  
c a u s e d  by P s e u d o p lu s i a  i n c lu d e n s  h a s  b e e n  a s s o c i a t e d  w i th  
i n c r e a s e d  p r o d u c t i o n .
The so y b ean  l o o p e r ,  P s e u d o p lu s ia  i n c l u d e n s  (W alker)  i s  a 
L e p i d o p te r a n  i n  t h e  f a m i ly  N o c tu id a e .  I t s  p r e f e r r e d  h o s t  i s  
s o y b e a n s ,  a l t h o u g h  i t  h a s  a l s o  b een  fo u n d  on  p e a n u t s ,  sw ee t 
p o t a t o e s ,  c o t t o n ,  to m a to e s ,  c r u c i f e r s ,  and  p e a s  (H e n s le y ,  Newsom, 
and  C h a p in ,  1964) . They r e p o r t e d  t h a t  90% o f  th e  P l u s i n a e  l a r v a e  
fo u n d  on  s o y b e a n s  i n  L o u i s i a n a  w ere  P_. i n c l u d e n s . The l a r v a e  o f  
t h e  s o y b ean  l o o p e r  damage c r o p s  m a in ly  by e x t e n s i v e  l e a f  
d e f o l i a t i o n  and  c r o p  y i e l d  c a n  be s e r i o u s l y  r e d u c e d  i n  l a t e -  
p l a n t e d  b e a n s .  Pod damage o f t e n  s e e n  i n  b e a n  f i e l d s  was assum ed 
to  be c a u s e d  by b o l lw o rm s ,  a l t h o u g h  e x t e n s i v e  s e a r c h e s  r e v e a l e d  
v e r y  low num bers o f  t h e s e  l a r v a e .  I n  th e  summer of 1971 , so y b ean  
lo o p e r  l a r v a e  w ere  o b s e rv e d  a t t a c k i n g  pods  i n  f i e l d s  w i th  a  h ig h  
p o p u l a t i o n  d e n s i t y  o f  t h e s e  p e s t s  ( J e n s e n ,  p e r s o n a l  c o m m u n ic a t io n ) .
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4E v id en ce  i s  f a i r l y  c o n v i n c in g  t h a t  t h e  s o y b ean  lo o p e r  d o es  
n o t  o v e r w in te r  i n  L o u i s i a n a ,  b u t  i t  may do so i n  t h e  low er Rio 
G rande V a l l e y  o f  Texas  and  p a r t s  o f  F l o r i d a  (Newsom, p e r s o n a l  
co m m u n ic a t io n ) .  Many a d u l t s  f l y  a c r o s s  t h e  G u lf  o f  Mexico e v e ry  
summer f ro m  C e n t r a l  and  S o u th  A m erica  o r  M ex ico .  M i t c h e l l  (1968) 
d e s c r i b e d  th e  d e v e lo p m e n t  o f  t h e s e  i n s e c t s  r e a r e d  on c o t t o n ,  
s o y b e a n s ,  and  a r t i f i c i a l  d i e t .  L a rv a e  r e a r e d  on so y b ean s  r e q u i r e d  
2 6 .5 8  d a y s  to  r e a c h  a d u l t h o o d ,  w h i l e  3 2 .7 1  d ay s  w ere  r e q u i r e d  f o r  
th o s e  r e a r e d  on  c o t t o n  to  em erge a s  a d u l t s .  A t 80 F th e  e n t i r e  
l i f e  c y c l e ,  f ro m  egg to  a d u l t ,  r e q u i r e d  2 9 .7 3  days  when r e a r e d  on 
t h e  a r t i f i c i a l  d i e t  o f  S ho rey  and  H a le  (1 9 6 5 ) .  Newsom ( p e r s o n a l  
co m m u n ica tio n )  o b s e r v e d  t h a t  l a r g e  p o p u l a t i o n s  o f  l o o p e r s  o c c u r  in  
a r e a s  w here  c o t t o n  f i e l d s  a d j o i n  so y b e a n  f i e l d s .  The p eak  o f  th e  
p o p u l a t i o n  i s  r e a c h e d  when t h e  c o t t o n  b e g i n s  to  bloom  and  i s  
th o u g h t  to  be  d i r e c t l y  c o r r e l a t e d  t o  f e c u n d i t y  o f  a d u l t s  f e e d i n g  
on c o t t o n  n e c t a r .
H ' I n c l u d e s  i s  r e s i s t a n t  t o  m ost c h e m ic a l  i n s e c t i c i d e s .  
O rg a n o c h lo r in e  i n s e c t i c i d e s  s a t i s f a c t o r i l y  c o n t r o l l e d  t h e s e  p e s t s  
i n  t h e  1 9 5 0 ’ s a s  d i d  t h e  o rg a n o p h o s p h a te s  i n  t h e  e a r l y  1 9 6 0 ’ s 
( O h a l f a n t ,  1 9 6 9 ) .  R e c e n t l y  th e  l a r v a e  hav e  shown r e s i s t a n c e  to  
a l l  c h e m ic a l s  e x c e p t  t h e  c a r b a m a te ,  m ethom yl,  w h ich  i s  n o t  
r e g i s t e r e d  f o r  u s e  on s o y b e a n s  (G ra v e s ,  p e r s o n a l  c o m m u n ic a t io n ) .  
The 1972 I n s e c t  C o n t r o l  G uide d i s t r i b u t e d  by th e  L o u i s i a n a  S t a t e
5U n i v e r s i t y  C o o p e r a t i v e  E x t e n s io n  S e r v i c e  s t a t e s  "none o f  th e  
i n s e c t i c i d e s  c u r r e n t l y  r e g i s t e r e d  on  so y b e a n s  w i l l  g iv e  e f f e c t i v e  
c o n t r o l "  o f  t h e  s o y b e a n  l o o p e r .
In  t h e  l a t e  summer o f  1966 , a  d i s e a s e  i n  e p i z o o t i c  p r o p o r t i o n s  
was o b s e r v e d  among P s e u d o p lu s i a  i n c l u d e n s  l a r v a e  (Newsom, p e r s o n a l  
c o m m u n ic a t io n ) . The e p i z o o t i c  d e v e lo p e d  s i m i l a r l y  e a c h  y e a r  i n  
l a t e  A ugust to  S e p te m b e r ,  a f t e r  e x t e n s i v e  damage to  t h e  c ro p  had 
o c c u r r e d  ( B u r l e i g h ,  1 9 7 2 ) .  I f  th e  e p i z o o t i c  c o u ld  be in d u c e d  
s e v e r a l  w eeks e a r l i e r  th a n  u n d e r  no rm al c i r c u m s t a n c e s ,  c o n t r o l  of 
P s e u d o p lu s i a  i n c lu d e n s  c o u ld  be  a c h ie v e d  w i t h o u t  u s i n g  c h e m ic a l  
i n s e c t i c i d e s .
I I .  B a c t e r i a l  F l o r a  o f  H e a l th y  I n s e c t s
"The p r im a ry  r e a s o n  f o r  c o n s i d e r i n g  th e  m i c r o b i o t a  o f  h e a l t h y  
i n s e c t s  i n  a  work d e v o te d  l a r g e l y  to  th e  m i c r o b i a l  d i s e a s e s  o f  
i n s e c t s  i s  th e  v a l i d  a s s u m p t io n  t h a t  a  sound u n d e r s t a n d i n g  o f  t h e  
abno rm a l i s  b a s e d  on a  know ledge o f  t h e  n o rm a l"  (B ro o k s ,  1 9 6 3 ) .  
B a c t e r i a l  c o n ta m in a n t s  o f  i n s e c t s  c a n  be h a r b o r e d  e i t h e r  e x t e r n a l l y  
o r  i n t e r n a l l y .  M ic ro o rg a n ism s  c a r r i e d  on th e  body s u r f a c e  a r e  
f o r t u i t o u s  a s s o c i a t e s  and seem t o  r e f l e c t  th e  im m ed ia te  p a s t  
h i s t o r y  o f  th e  i n s e c t — i t s  b r e e d i n g  s i t e ,  r e a r i n g  ch am b er ,  o r  
f e e d i n g  h a b i t s  (B ro o k s ,  1 9 6 3 ) .  Only a s m a l l  number o f  b a c t e r i a l  
s p e c i e s  can  l i v e  on th e  c u t i c l e  o f  i n s e c t s  ( S t e i n h a u s ,  1949; 
K a id su m i,  1 9 5 7 ) .
6A v e r y  d i v e r s e  b a c t e r i a l  f l o r a  i s  fo u n d  i n t e r n a l l y  i n  h e a l t h y  
i n s e c t s .  M ic ro o rg a n ism s  may be l o c a t e d  i n  th e  b lo o d ,  g e n i t a l i a ,  
s p i r a c l e s ,  and  t r a c h e a l  m a t r i x ,  a l t h o u g h  th e  g r e a t e s t  number of 
o rg a n is m s  a r e  h a r b o r e d  i n  th e  g u t  ( S t e i n h a u s ,  1 9 4 9 ) .  M y c e to c y te s  
a r e  c e l l s  l o c a t e d  i n  t h e  a b d o m in a l  c a v i t y  o f  c e r t a i n  i n s e c t s  
( c o c k r o a c h e s ,  l i c e ,  a p h i d s ,  and t i c k s )  and  th e y  h a r b o r  s y m b io t ic  
b a c t e r i a ,  f u n g i ,  r i c k e t t s i a e ,  and  y e a s t .  T hese  sy m b io n ts  a r e  
p a s s e d  f ro m  g e n e r a t i o n  to  g e n e r a t i o n  by d i r e c t  e n t r y  i n t o  th e  
m ic ro p y le  o f  t h e  egg  o r  by t h e  l a r v a  e a t i n g  i t s  way o u t  of th e  
egg  w hich  h a s  b een  e i t h e r  e x t e r n a l l y  o r  i n t e r n a l l y  c o n ta m in a te d  
w i th  t h e  s y m b io n t s .  S y m b io t ic  o rg a n ism s  may f u r n i s h  v i t a m i n s  and 
o t h e r  e s s e n t i a l  n u t r i e n t s  t o  t h e i r  h o s t s ,  a l t h o u g h  i n  some i n s t a n c e s  
th e  h o s t  i s  n o t  d e p e n d e n t  upon th e  m ic ro b e s  i t  h a r b o r s .
I n v e s t i g a t o r s  hav e  s t u d i e d  th e  m i c r o f l o r a  a s s o c i a t e d  w i th  th e  
g u t s  o f  many i n s e c t  s p e c i e s .  The anatom y o f  t h e  g u t  ( e i t h e r  a 
s t r a i g h t  tu b e  o r  a  tu b e  i n v e s t e d  w i th  f o l d s ,  s a c s ,  and s p e c i a l i z e d  
r e g i o n s )  i n f l u e n c e s  t h e  n a t u r e  o f  t h e  m i c r o f l o r a  (B ro o k s ,  1963; 
P a t t o n ,  1 9 6 3 ) .  S t u d i e s  i n v o l v i n g  th e  g u t  m i c r o f l o r a  o f  d i v e r s e  
g ro u p s  o f  i n s e c t s  have  shown t h a t  most o f  t h e  h a r b o r e d  
m ic ro o rg a n is m s  a r e  a l s o  a  c o n s t i t u e n t  o f  th e  i n s e c t ' s  e n v i ro n m e n t .  
The m id -g u t  o f  l a r v a l  T e n e b r io  m o l i t o r  ( y e l l o w  mealworm) c o n t a in e d  
A e r o b a c t e r  c l o a c a e , B a c i l l u s  s p . , S t r e p t o c o c c u s  s p . , H a fn ia  s p p . , 
and  two u n i d e n t i f i e d  g r a m - n e g a t iv e  r o d s .  Only th e  H a fn ia  and
7g r a m - n e g a t iv e  ro d s  w ere  n o t  found  in  t h e  fo o d  and  e n v i ro n m e n ta l  
s am p le s  ( W i s t r e i c h ,  M oore, and  Chao, 1 9 6 0 ) .  In  a s tu d y  o f  th e  
m ic ro o rg a n is m s  a s s o c i a t e d  w i th  m o s q u i to e s ,  a  t o t a l l y  d i f f e r e n t  
m i c r o f l o r a  was fo u n d  i n  t h e  m id - g u t s  o f  l a r v a e  a s  com pared to  
a d u l t  A n o p h e le s  a lb im a n u s  (Weidemann) e x c e p t  f o r  a  common 
S acchrom yces  s p .  No m ic ro o rg a n is m s  w ere  r e c o v e r e d  from  th e  g u t s  
o f  21% o f  t h e  l a r v a e  and  40% o f  t h e  a d u l t s  s t u d i e d  ( W is t r e i c h  and 
C hao , 1 9 6 1 ) .  A s i m i l a r  p a t t e r n  was o b s e rv e d  among l a r v a l  and 
a d u l t  A edes s i e r r e n s i s  (Ludlow) ( W i s t r e i c h  and  C hao, 1 9 6 1 ) .  I t  
seems e v i d e n t  from  t h e s e  r e p o r t s  t h a t  t h e  b a c t e r i a  fo u n d  i n  th e  
g u t s  o f  m o s q u i to e s  d i f f e r s  w i t h  e a c h  s p e c i e s  s t u d i e d  (F e rg u so n  and 
M ick s ,  1961; W i s t r e i c h  and C hao , 1 9 6 1 ) .
Few s t u d i e s  have  b e e n  r e p o r t e d  on th e  m i c r o f l o r a  o f  th e  g u t  
o f  L e p i d o p t e r a .  Angus (1952) c h a r a c t e r i z e d  th e  a e r o b i c  b a c t e r i a  
i s o l a t e d  f ro m  t h e  m id -g u t  o f  t h e  e a s t e r n  hem lock  l o o p e r .  O rgan ism s 
w ere  members o f  t h e  f o l l o w i n g  g e n e r a :  A e r o b a c t e r , A c h ro m o b a c te r ,
B a c i l l u s , B a c t e r iu m , E s c h e r i c h i a , F l a v o b a c t e r i u m , M ic r o c o c c u s , and 
P a r a c o l o b a c t r u m . He fo u n d  no s p e c i f i c  m i c r o f l o r a  a s s o c i a t e d  w i th  
t h e  i n s e c t  and  c o n c lu d e d  t h a t  t h e  b a c t e r i a  i s o l a t e d  from  th e  g u t  
a p p e a r e d  to  be  th o s e  i n g e s t e d  w i th  th e  f o o d .  I n  s t u d y i n g  th e  
m i c r o f l o r a  f ro m  th e  s u g a rc a n e  b o r e r  m i d - g u t ,  N unez, H e n s le y ,  and 
Colm er (1968) o b ta in e d  s e v e r a l  i s o l a t e s  t h a t  w ere  c o l i f o r m s ,  th e  
m a j o r i t y  o f  w h ich  gave th e  t y p i c a l  A e r o b a c t e r  a e r o g e n e s  IMViC 
p a t t e r n .  S t r e p t o c o c c u s  s p .  and a  y e a s t  o f  th e  genus  T o r u l o p s i s 
ware a l s o  i s o l a t e d .
8I I I .  B i o l o g i c a l  C o n t r o l  of P s e u d o p lu s i a  i n c lu d e n s
A. P a r a s i t e s
B u r le ig h  (1972) c o n d u c te d  a  th o ro u g h  s tu d y  o f  so y b ean  l o o p e r  
p o p u l a t i o n s  a t  t h r e e  s i t e s  d e v o te d  to  so y b ean  p r o d u c t i o n  i n  
s o u th w e s t  L o u i s i a n a .  He fo u n d  lo o p e r  p o p u l a t i o n s  to  be low d u r in g  
Ju n e  and J u l y ,  b u t  i n c r e a s e d  d r a m a t i c a l l y  i n  A u g u s t .  P a r a s i t i s m  
o f  _P. i n c lu d e n s  by en tom ophagous i n s e c t s  was o b s e rv e d  i n  25% of 
th e  l a r v a e  b r o u g h t  i n t o  t h e  l a b o r a t o r y .  They w ere  p a r a s i t i z e d  by 
th e  f o l l o w i n g  s p e c i e s :  A p a n te l e s  s c i t u l u s , M esochorus  s p . ,
Copidosoma t r u n c a t e l l u m ,  L e s p e s i a  a l e t i a e , Rogas m o l e s t u s , M e teo ru s  
a u t o g r a p h a e , an d  B ra c h y m e r ia  o v a t a , w i th  C^ . t r u n c a t e l l u m  b e i n g  th e  
p re d o m in a n t  p a r a s i t e .
B. B a c t e r i a
B a c t e r i a  a r e  w e ll -k n o w n  i n s e c t  p a th o g e n s ,  e s p e c i a l l y  t h o s e  i n  
t h e  g e n e ra  B a c i l l u s  (IS. t h u r i n g i e n s i s , B_. p o p i l l a e , B_. f  i n i t i m u s ) , 
P seudom onas, and  S e r r a t i a  (B u c h e r ,  1963; H e im p e l,  1967; H eim pel and 
A ngus, 1963; M oore, 1972; S l a t t e n  and  L a r s o n ,  1 9 6 7 ) .  V ib r io  
a p i s e p t i c u s  was fo u n d  t o  be t h e  c a u s a t i v e  a g e n t  o f  s e p t i c e m i a  i n  
honey  b e e s  ( B a r r ,  1 9 6 7 ) .  S e r r a t i a  s p .  and  s e v e r a l  B a c i l l u s  s p e c i e s  
have  been  i m p l i c a t e d  a s  p a t h o g e n ic  f o r  P_. i n c l u d e n s  l a r v a e  under  
b o th  l a b o r a t o r y  and  f i e l d  c o n d i t i o n s  (H o llow ay , 1971; Hammond, 
p e r s o n a l  c o m m u n ic a t io n ) .
9B a c i l l u s  t h u r i n g l e n s i s  i s  t h e  o n ly  b a c t e r i u m  c o m m e rc ia l ly  
a v a i l a b l e  f o r  i n s e c t  c o n t r o l  i n  t h e  U n i t e d  S t a t e s .  T h ere  a r e  
s e v e r a l  t o x i c  e n t i t i e s  a s s o c i a t e d  w i th  t h i s  m ic ro o rg a n ism  (H e im p e l,
1967) and  co m m erc ia l  p r o d u c t s  o f t e n  d i f f e r  a s  to  th e  q u a n t i t i e s  o f  
e a c h  t o x i c a n t  c o n t a i n e d  i n  t h e  f i n i s h e d  p r e p a r a t i o n .  L a b o r a to r y  
t e s t s  have shown th e  s o y b ean  l o o p e r  to  be s u s c e p t i b l e  to  v a r i o u s  
j i .  t h u r i n g i e n s i s  p r o d u c t s  (H o llow ay , 1971; C h a l f a n t ,  1 9 6 9 ) ,  b u t  
t e s t s  w i th  s e v e r a l  com m erc ia l  p r e p a r a t i o n s  f a i l e d  to  g iv e  e f f e c t i v e  
c o n t r o l  of t h e s e  l a r v a e  i n  t h e  f i e l d  (Newsom, p e r s o n a l  c o m m u n ic a t io n ) .
C. F u n g a l  P a th o g e n s
S p l c a r i a  r i l e y i  i s  known to  be  a  f u n g a l  p a th o g e n  o f  th e  
so y b ean  l o o p e r  (G udauskas  and  C a n e rd a y ,  1 9 6 6 ) .  L a rv a e  a t t a c k e d  
by  t h i s  fu n g u s  become mummified and a r e  c o v e re d  w i th  w h i te  
m y c e l i a l  g row th  w hich  t u r n s  t o  g r e e n  a s  c o n i d i a  a r e  p ro d u c e d .
B u r le ig h  (1972) o b s e rv e d  o u tb r e a k s  o f  S p i c a r i a  i n  l o o p e r  p o p u l a t i o n s  
d u r i n g  th e  l a t e  summer m o n th s ,  b u t  t h e  d i s e a s e  n e v e r  e x e r t e d  
a d e q u a te  s u p p r e s s i o n  o f  t h e  l a r v a e .  S p i c a r i a  i s  a l s o  a p a th o g e n  o f  
t h e  v e l v e t b e a n  c a t e r p i l l a r  (W atson , 1916) . V e lv e tb e a n  c a t e r p i l l a r s  
found  i n  so y b ean  f i e l d s  w h ich  a r e  a l s o  i n f e s t e d  w i th  P s e u d o p lu s ia  
l a r v a e  may s e r v e  t o  d i s p e r s e  th e  fu n g u s  th r o u g h o u t  t h e  lo o p e r  
p o p u l a t i o n .
The f a m i ly  E n to m o p h th o ra le s  c o n t a i n s  two g e n e ra  o f  f u n g i  
t h a t  a r e  i n s e c t  p a th o g e n s ,  M assospo ra  and  E n to m o p h th o ra . M assospo ra
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fo rm s  c o n i d i a  i n s i d e  i t s  h o s t ,  w h i l e  th e  E n to m o p h th o ra c e a e  p ro d u c e  
c o n i d i a  on th e  e x t e r n a l  s u r f a c e  o f  t h e  i n s e c t .  T h e re  a r e  32 
a l l e g e d  s p e c i e s  o f  t h e  E n to m o p h th o ra e e a e , i n  25 o f  w hich  th e  
c o n i d i a l  s t a t e s  h av e  n o t  b een  d e s c r i b e d  (MacLeod and  M u l l e r -  
K o g le r ,  1 9 7 0 ) .  I d e n t i f i c a t i o n  o f  t h e s e  f u n g i  i s  b a s e d  p r i m a r i l y  
on th e  m orphology  o f  th e  r e s t i n g  s p o r e s  fo rm ed  w i t h i n  th e  i n s e c t  
h o s t .  B u r l e ig h  (1972) and  H ollow ay (1971) hav e  d e s c r i b e d  s p e c i e s  
o f  th e  E n to m o p h th o ra le s  fo u n d  i n  t h e  so y b e a n  l o o p e r  p o p u l a t i o n .  
B u r le ig h  d e s c r i b e d  th e  r e s t i n g  s p o r e s  o f  a  f u n g u s  fo u n d  in  
d i s e a s e d  l a r v a e  w hich  he  c a l l e d  M asso sp o ra  s p .  T h is  fu n g u s  h a s  
s u b s e q u e n t l y  b een  i d e n t i f i e d  a s  an  E n tom oph tho ra  s p .  (MacLeod, 
p e r s o n a l  c o m m u n ic a t io n ) . The fu n g u s  i s o l a t e d  by H ollow ay  i s  
p a t h o g e n ic  f o r  th e  s o y b ean  l o o p e r  by i n j e c t i o n  i n t o  th e  hem ocoel 
and  th ro u g h  c o n t a c t  a n d / o r  i n g e s t i o n  (H o llo w ay ,  p e r s o n a l  
c o m m u n ic a t io n ) .  T h is  s p e c i e s  i s  a l s o  p a t h o g e n ic  f o r  th e  f o r e s t  
t e n t  c a t e r p i l l a r  an d  th e  e a s t e r n  hem lock  l o o p e r  when a d m i n i s t e r e d  
by i n j e c t i o n  (MacLeod, p e r s o n a l  c o m m u n ic a t io n ) . A lth o u g h  th e  
c o n i d i a l  s t a t e  o f  t h i s  E n tom oph tho ra  s p . h a s  b e e n  d e s c r i b e d  
(H o llo w ay , 1 9 7 1 ) ,  t h e  i d e n t i f i c a t i o n  o f  t h e  r e s t i n g  s p o r e  s t a g e  
re m a in s  u n c e r t a i n .
D. V i r u s e s
V iru s  d i s e a s e s  o f  i n s e c t s  have  b een  known s i n c e  th e  1 8 0 0 's  
( B e r g o ld ,  1 9 6 3 ) .  T h e re  a r e  two c a t e g o r i e s  o f  i n s e c t  v i r u s e s ;
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t h o s e  o c c lu d e d  i n t o  a  p r o t e i n  m a t r i x  o r  p o ly h e d ro n  and th o s e  
w i t h o u t  su ch  an  i n c l u s i o n  body . P o l y h e d r a l  i n c l u s i o n  b o d ie s  
v a r y  i n  s i z e  f rom  0 .5 - 1 5  u ,  a r e  v i s i b l e  u n d e r  t h e  l i g h t  
m ic ro s c o p e ,  and  th u s  c h a r a c t e r i z e d  th e  f i r s t  i n s e c t  v i r u s e s  
d e s c r i b e d .  T h re e  c l a s s e s  o f  p o l y h e d r o s i s  v i r u s e s  have  b een  
o b s e r v e d ;  t h o s e  t h a t  m u l t i p l y  i n  th e  c e l l  n u c l e u s  ( n u c l e a r  
p o l y h e d r o s e s ) , t h o s e  t h a t  m u l t i p l y  c y t o p l a s m i c a l l y  ( c y to p l a s m ic  
p o l y h e d r o s e s ) , and  g r a n u l o s e s  w h ich  form  m in u te  g r a n u le s  i n  c e l l  
n u c l e i  w h ich  can  be d e t e c t e d  w i th  d i f f i c u l t y  by l i g h t  m ic ro sc o p y  
( S t a i r s ,  1 9 6 8 ) .  The v i r i o n s  o f  th e  n u c l e a r  p o ly h e d r o s e s  and 
g r a n u l o s e s  c o n t a i n  DNA and  a r e  h e l i c a l  i n  s h a p e ,  w h i l e  t h e  
c y t o p la s m i c  p o l y h e d r o s i s  a r e  s p h e r i c a l  i n  sh a p e  and  c o n t a i n  RNA. 
P o x l ik e  v i r u s e s  o c c lu d e d  w i t h i n  p r o t e i n a c e o u s  i n c l u s i o n  b o d ie s  
hav e  b e e n  i s o l a t e d  f ro m  C o le o p te r a n  and  L e p i d o p te r a n  h o s t s  i n  
r e c e n t  y e a r s  (G ranados  and  R o b e r t s ,  1 9 7 0 ) .  T h ese  v i r u s e s  m u l t i p l y  
c y t o p l a s m i c a l l y  and a r e  s i m i l a r  i n  many r e s p e c t s  t o  p o x v i r u s e s  o f  
v e r t e b r a t e s .  N o n - i n c l u s i o n  v i r a l  d i s e a s e s  o f  i n s e c t s  h av e  b een  
d e s c r i b e d  o n ly  r e c e n t l y .  The s a c b ro o d  d i s e a s e  o f  b e e s  r e p o r t e d  i n  
1913 was th o u g h t  to  be  v i r a l  i n  n a t u r e ,  b u t  a c t u a l  o b s e r v a t i o n  o f  
t h e  i n f e c t i o u s  p a r t i c l e s  was n o t  r e p o r t e d  u n t i l  1949 (V ago, 1 9 6 8 ) .  
At l e a s t  20 n o n - i n c l u s i o n  v i r u s  d i s e a s e s  and  300 i n c l u s i o n  v i r u s  
d i s e a s e s  o f  i n s e c t s  hav e  b een  d e s c r i b e d  ( S t a i r s ,  1 9 6 8 ) .
V i r u s e s  o f  P s e u d o p lu s i a  i n c l u d e n s  hav e  b e e n  d e s c r i b e d  w i t h i n  
th e  l a s t  y e a r  (Cox, L a r s o n ,  and  A m borsk i,  1972; L i v i n g s t o n  and
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Y e a r i a n ,  1 9 7 2 ) .  Both  o f  t h e s e  v i r u s e s  a r e  n u c l e a r  p o l y h e d r o s e s . 
The n u c l e a r  p o l y h e d r o s i s  v i r u s  (NPV) d e s c r i b e d  by L i v i n g s t o n  and  
Y e a r ia n  was i s o l a t e d  from  P_. i n c l u d e n s  from  G u a te m a la ,  w h i l e  th e  
NPV d e s c r i b e d  by Cox, L a r s o n ,  and  A m borski was i s o l a t e d  f ro m  an  
e p i z o o t i c  among P^ . i n c l u d e n s  p o p u l a t i o n s  i n  L o u i s i a n a .
MATERIALS AND METHODS
I .  R e a r in g  o f  P s e u d o p lu s i a  i n c lu d e n s
L arvae  o f  P s e u d o p lu s ia  i n c lu d e n s  w ere  o b ta in e d  from th e  
D epartm en t o f  Entom ology i n s e c t a r y ,  L o u i s i a n a  S t a t e  U n i v e r s i t y .
They w ere r e a r e d  i n d i v i d u a l l y  from h a t c h i n g  on p i n t o  bean  
d i e t  d e v e lo p e d  by Shorey  and H ale  (1965) and im proved by B urton  
(1 9 6 9 ) .  The d i e t  c o n t a in e d  fo rm a ld e h y d e ,  s o r b i c  a c i d ,  and 
m e th y l  p a ra h y d ro x y b e n z o a te  w h ich  a r e  b a c t e r i a l  and f u n g a l  
i n h i b i t o r s .  O ne-ounce p l a s t i c  j e l l y  cups (Premium P l a s t i c s  C o . ,  
C h icago) s e a l e d  w i th  c a rd b o a rd  to p s  w ere  u sed  a s  r e a r i n g  c o n t a i n e r s .  
The c u l t u r e  o f  _P. i n c lu d e n s  had  b een  m a in ta in e d  f o r  s e v e r a l  y e a r s  
i n  th e  l a b o r a t o r y  w i th  th e  i n t r o d u c t i o n  o f  new g e n e s  once a  y e a r  
when l a r v a e  from th e  f i e l d s  w ere  m ixed in  w i th  t h e  p a r e n t  s t o c k .
L arvae  w ere  h e ld  a t  30 C + 2 from th e  t im e  th e y  w ere  o b ta in e d  
from th e  i n s e c t a r y  u n t i l  used  f o r  e x p e r i m e n t a t i o n .  A f t e r  
t r e a t m e n t ,  th e y  w ere  h e l d  a t  room te m p e r a t u r e .
I I .  C o l l e c t i o n  o f  sp ec im en s  o f  P s e u d o p lu s ia  i n c l u d e n s  d u r in g  
e p i z o o t i c s .
D is e a s e d  in c lu d e n s  l a r v a e  w ere  c o l l e c t e d  from L o u i s i a n a  
sovbean  f i e l d s  d u r in g  th e  1969, 1970 , and 197] e p i z o o t i c s .  The
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f i r s t  summer, s e v e r a l  sp ec im en s  w ere  p l a c e d  i n  any  em pty j e l l y  
cup u sed  f o r  l a r v a l  r e a r i n g  i n  th e  l a b o r a t o r y .  They w ere  c o l l e c t e d  
and h e l d  i n  i n d i v i d u a l  c o n t a i n e r s  th e  n e x t  two summers. C o l l e c t i o n  
s i t e s  v a r i e d  from  y e a r  t o  y e a r ;  i n  1969, s p ec im en s  w ere  c o l l e c t e d  
n e a r  K ro tz  S p r in g s  and  B u n k ie .  In  1970, c o l l e c t i o n s  w ere  made 
n e a r  B a t c h e lo r  and  B unk ie ; and  1971 , sp ec im en s  w ere  o b t a i n e d  from  
f i e l d s  n e a r  Cham bers. E p i z o o t i c s  w ere  i n  p r o g r e s s  a t  e a c h  s i t e  
when th e  sp ec im en s  w ere  c o l l e c t e d .  A p p a r e n t l y  h e a l t h y  l a r v a e  
w ere  b ro u g h t  t o  th e  l a b o r a t o r y  i n  1970 and  1971 and  o b s e rv e d  f o r  
symptoms o f  d i s e a s e .
H e a l th y  l a r v a e  f o r  m i c r o b i a l  f l o r a  s t u d i e s  w ere  o b t a i n e d  
n e a r  K ro tz  S p r in g s  and Bunkie i n  e a r l y  J u l y  o f  1969 . No s i g n s  
of d i s e a s e  w ere  e v i d e n t  among l o o p e r  p o p u l a t i o n s  i n  t h e s e  f i e l d s  
a t  th e  t im e  o f  c o l l e c t i o n .  L a rvae  w ere  b r o u g h t  to  th e  l a b o r a t o r y  
i n  a  p l a s t i c  bag f i l l e d  w i th  so y b ean  l e a v e s .
I I I .  I d e n t i f i c a t i o n  o f  b a c t e r i a  c o m p r i s in g  t h e  n o rm a l  f l o r a  o f  
l a r v a l  t i s s u e s .
A. I s o l a t i o n
The m id -g u t  f l o r a  of l a r v a e  r e a r e d  i n  th e  l a b o r a t o r y  was 
com pared  to  t h a t  o f  l a r v a e  f ro m  s o y b ean  f i e l d s .  Twelve f i f t h  
and  s i x t h  i n s t a r  l a b o r a t o r y - r e a r e d  l a r v a e  w ere  d i s s e c t e d  and  th e  
m id -g u ts  removed and s u r f a c e - s t e r i l i z e d  a c c o r d in g  to  th e  method o f  
Nunez, H e n s le y ,  and Colm er ( 1 9 6 8 ) .  The g u t  t i s s u e  was p la c e d  in  
a s c r e w -c a p  tu b e  (20 x 125 mm) c o n t a i n i n g  2 .5  ml of s t e r i l e  b r a i n
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h e a r t  i n f u s i o n  (BHI) b r o t h  and 50-60  g l a s s  b e a d s  (2 mm i n  d i a m e t e r )  
and mixed on a V o r te x  m i x e r  f o r  1 m i n u t e .  Gut c o n t e n t s  were 
s t r e a k e d  on BHI a g a r  and t h e  r e s u l t i n g  m i c r o o r g a n i s m s  i s o l a t e d  
in  p u re  c u l t u r e  by r e s t r e a k i n g  on t h e  same medium. The t u b e s  
c o n t a i n i n g  t h e  g u t  homogenate  were  i n c u b a t e d  a t  37 C f o r  24 h o u r s  
and th e  c o n t e n t s  s t r e a k e d  a g a i n  on BHI p l a t e s ;  t h i s  p r o c e d u r e  
was r e p e a t e d  a t  48 h o u r s .  These  r e p e a t e d  i s o l a t i o n s  were made to  
i n c r e a s e  t h e  chanc e  o f  o b t a i n i n g  m i c r o b e s  p r e s e n t  a t  low co n ce n ­
t r a t i o n s  i n  t h e  g u t  t h a t  m igh t  h ave  i n c r e a s e d  i n  numbers d u r i n g  th e  
i n c u b a t i o n  p e r i o d .  S e v e r a l  s am p le s  o f  l a r v a l  t e s t e s  and hemolvmph 
were a l s o  t e s t e d  f o r  m i c r o b i a l  f l o r a .
F iv e  a p p r e n t l y  h e a l t h y  l o o p e r  l a r v a e  from s o y b ean  f i e l d s  were  
d i s s e c t e d  in  a s i m i l a r  manner  and t h e  m i c r o o r g a n i s m s  i s o l a t e d .
T o t a l  b a c t e r i a l  c o u n t s  from t h e s e  l o o p e r s  were  made on BHI a g a r ,  
f u n g a l  c o u n t s  were  made on MY a g a r ,  and y e a s t  c o u n t s  were  done on 
MY a g a r  p l u s  Achromycin (50 u g /m l )  (Nunez,  H e n s l e y ,  and Colmer ,
1 968 ) .  C o lo n i e s  were  c o u n t e d  w i t h  t h e  a i d  o f  a Quebec Colony 
C o u n te r .  F r e s h  f r a s s  s am p les  were  c o l l e c t e d  a f t e r  e x c r e t i o n  from 
l a r v a e ,  d i l u t e d  and mixed w i t h  1 - 2  ml o f  s t e r i l e  d i s t i l l e d  w a t e r ,  
and s t r e a k e d  on BHI a g a r  p l a t e s .
Seven d i s e a s e d  l a r v a e  and 3 d i s e a s e d  pupae  c o l l e c t e d  from 
Bunkie and K ro tz  S p r i n g s ,  L o u i s i a n a  soybean  f i e l d s  d u r i n g  t h e  
1969 e p i z o o t i c  were  a n a l y z e d  f o r  t y p e s  o f  b a c t e r i a .  A f t e r  
c o l l e c t i o n ,  t h e  I n s e c t s  were  r e f r i g e r a t e d  u n t i l  a n a l y z e d .  The 
sp ec im en s  were  dead b u t  f u l l y  i n t a c t .  For i s o l a t i o n  of  b a c t e r i a ,
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t h e  s pec im ens  were s u r f a c e - s t e r i l i z e d  f o r  2 m i n u t e s  i n  70% e t h a n o l  
f o l l o w e d  by a 1 m i n u te  r i n s e  i n  s t e r i l e  d i s t i l l e d  w a t e r .  The 
i n s e c t s  were  t h e n  p l a c e d  i n  s t e r i l e  p e t r i  d i s h e s .  A q u a n t i t y  of  
body f l u i d  was w i th d raw n  a s e p t i c a l l y  w i t h  a d i s p o s a b l e  1 cc s y r i n g e  
f i t t e d  w i t h  a 22 gauge n e e d l e .  Some o f  t h e  f l u i d  was p l a c e d  on 
BHI a g a r  p l a t e s  and s t r e a k e d  f o r  i s o l a t i o n .  The r e m a i n d e r  o f  the  
l i q u i d  was added  t o  s t e r i l e  BHI b r o t h ,  i n c u b a t e d  a t  37 C and 
sam p les  p l a t e d  a t  24 -and  4 8 - h o u r  i n t e r v a l s .
The number o f  b a c t e r i a ,  f u n g i ,  and y e a s t  p r e s e n t  on soybean  
l e a v e s  was d e t e r m i n e d  from l e a v e s  c o l l e c t e d  a t  B unk ie ,  L o u i s i a n a  
d u r i n g  t h e  1969 e p i z o o t i c .  The l e a v e s  were  w eighed  and added  to  
d i s t i l l e d  w a t e r  ( 1 :1 0 0  W/V). The m i x t u r e  was s h a k e n  v i g o r o u s l y  on 
a V o r te x  m i x e r .  O n e - t e n t h  ml a l i q u o t s  were  p l a t e d  on BHI, MY, 
and MY-Achromycin a g a r  p l a t e s .
Pure  c u l t u r e s  o f  t h e  m i c r o o r g a n i s m s  i s o l a t e d  from th e  mid­
g u t s  o f  l a b o r a t o r y - r e a r e d ,  h e a l t h y  f i e l d - c o l l e c t e d ,  and d i s e a s e d  
f i e l d - c o l l e c t e d  i n c l u d e n s  were  m a i n t a i n e d  on BHI a g a r  s l a n t s .  
T r a n s f e r s  were  made m o n t h ly ,  w i t h  t h e  c u l t u r e s  s t o r e d  a t  4 C in  
t h e  i n t e r i m .
B. B a c t e r i a l  i d e n t i f i c a t i o n
No a t t e m p t  was made t o  c u l t u r e  a n a e r o b i c  s p e c i e s  from t h e  
m i d - g u t  t i s s u e  o f  l a r v a e .  The p r e s e n c e  o f  y e a s t  and f u n g i  was 
n o t e d ,  b u t  t h e  c u l t u r e s  were  n o t  i d e n t i f i e d .
17
A l l  b a c t e r i a l  i s o l a t e s  w ere  gram s t a i n e d  and  c o l o n i a l  
c h a r a c t e r i s t i c s  d e s c r i b e d  f rom  c o l o n i e s  on BHI a g a r  p l a t e s .
Hanging d r o p  mounts w ere  made f rom 18-24 h ou r  c u l t u r e s  t o  d e t e r m i n e  
m o t i l i t y .  M o t i l e  b a c t e r i a  were  n e g a t i v e l y  s t a i n e d  w i t h  
p h o s p h o t u n g s t i c  a c i d  (pH 7 . 0 )  and  examined f o r  f l a g e l l a r  
a r r a n g e m e n t  by e l e c t r o n  m i c r o s c o p y  ( P e a s e ,  1 9 6 4 ) .  B io c h e m ic a l  
c h a r a c t e r i s t i c s  of  e a c h  i s o l a t e  were  n o t e d  on  t h e  f o l l o w i n g  m e d ia :  
g l u c o s e  b r o t h ,  s u c r o s e  b r o t h ,  m a n n i t o l  b r o t h ,  l a c t o s e  b r o t h ,  
K l i g l e r ' s  i r o n  a g a r ,  Simmon's  c i t r a t e ,  n u t r i e n t  g e l a t i n ,  l i t m u s  
m i l k ,  n i t r a t e  b r o t h ,  MR-VP medium, and  t r y p t o n e  b r o t h .  K l i g l e r ' s  
i r o n  a g a r ,  Simmon's  c i t r a t e ,  and  MR-VP medium w ere  p u r c h a s e d  i n  
d e h y d r a t e d  fo rm from D i f c o  L a b o r a t o r i e s ;  t h e  o t h e r  media  and 
r e a g e n t s  u s e d  were  p r e p a r e d  a c c o r d i n g  t o  t h e  L a b o r a t o r y  Manual 
f o r  G e n e r a l  B a c t e r i o l o g y  ( f i f t h  e d i t i o n )  ( P e l t i e r ,  G e o r g i ,  and 
L i n d g r e n ,  1 9 6 7 ) .  A l l  c h e m i c a l s  employed were  r e a g e n t  g r a d e  and  
o b t a i n e d  f rom v a r i o u s  s o u r c e s .  C u l t u r e s  were  i n c u b a t e d  a t  34 C 
f o r  t h e  d u r a t i o n  o f  t h e  t e s t  p e r i o d .  Young c u l t u r e s  o f  g ram -  
p o s i t i v e  c o c c i  were  examined f o r  c e l l u l a r  a r r a n g e m e n t ;  s p o r e  
s t a i n s  were  made on t h e  g r a m - p o s i t i v e  r o d - s h a p e d  b a c t e r i a ;  a c i d  
f a s t  s t a i n s  were  p e r fo rm e d  on n o n - s p o r u l a t i n g  g r a m - p o s i t i v e  r o d s .  
O th e r  b i o c h e m i c a l  t e s t s  were  p e r fo rm e d  when n e c e s s a r y  f o r  f i n a l  
g e n e r i c  i d e n t i f i c a t i o n  o f  t h e  b a c t e r i a —r e a c t i o n s  on  s t a r c h ,  c a s e i n ,  
and a l g i n a t e .  H u g h - L e i f s o n ' s  medium w i t h  1% g l u c o s e  was u s e d  to  
d i f f e r e n t i a t e  S t r e p t o c o c c u s  f rom  M ic ro c o c c u s  ( B r e e d ,  M urray ,  and 
S m ith ,  1957) and P seudomo n as  from A eromo n a s  (Hugh and  L e i f  s o n ,
1 9 5 3 ) .
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The g e n e r i c  p l a c e m e n t  o f  t h e  b a c t e r i a l  i s o l a t e s  was 
a c c o m p l i s h e d  w i t h  t h e  a i d  o f  S k e rm a n ' s  key  i n  B e r g e y ' s  Manual  o f  
D e t e r m i n a t i v e  B a c t e r i o l o g y  ( s e v e n t h  e d i t i o n )  ( B r e e d ,  M urray ,  and  
S m i th ,  1 9 5 7 ) .
IV. F u n g i  a s s o c i a t e d  w i t h  d i s e a s e d  P s e u d o p l u s i a  i n c l u d e n s  l a r v a e  
c o l l e c t e d  d u r i n g  e p i z o o t i c s
Specimens  o f  d i s e a s e d  l a r v a e  w ere  s e n t  t o  D r . D. M. MacLeod 
o f  t h e  I n s e c t  P a t h o l o g y  R e s e a r c h  I n s t i t u t e ,  S a u l t  S t e .  M a r i e ,  
O n t a r i o ,  Canada f o r  i d e n t i f i c a t i o n  o f  t h e  f u n g a l  o rg a n i s m  invo3.ved 
i n  t h e  e p i z o o t i c s .
C u l t u r i n g  o f  t h e  f u n g a l  p a t h o g e n  was a t t e m p t e d  by p l a t i n g  
r e s t i n g  s p o r e s  f rom d e a d  l a r v a e  on BHI a g a r  and  BHI a g a r  e n r i c h e d  
w i t h  10% h o r s e  se rum .  S l i d e  c u l t u r e s  and  s h a k e  c u l t u r e s  were  a l s o  
made w i t h  BHI c o n t a i n i n g  10% h o r s e  serum and  0.5% b e e f  e x t r a c t .
I n f e c t i v i t y  t e s t s  w ere  c o n d u c t e d  w i t h  t h e  f u n g a l  r e s t i n g  
s p o r e s .  L a b o r a t o r y - r e a r e d  l a r v a e  o f  a l l  i n s t a r s  were  a l l o w e d  to  
c r a w l  o v e r  and  f e e d  upon d i s e a s e d  s p e c i m e n s .  L a r g e r  l a r v a e  ( 4 t h ,  
5 t h ,  and  6 t h  i n s t a r s )  were f o r c e - f e d  and i n j e c t e d  w i t h  q u a n t i t i e s  
o f  s p o r e s  f ro m  c r u d e  p r e p a r a t i o n s  and  f rom p r e p a r a t i o n s  p u r i f i e d  
to  a d e g r e e  by a  d i s c o n t i n u o u s  s u c r o s e  g r a d i e n t  (20-50% s u c r o s e ) . 
A f t e r  t r e a t m e n t ,  l a r v a e  were  f e d  on p i n t o  bean  d i e t .  These  
e x p e r i m e n t s  were r e p e a t e d  w i t h  r e s t i n g  s p o r e s  t h a t  had  been  h e l d  
a t  4 C f o r  10 m on ths .
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R e s t i n g  s p o r e s  p u r i f i e d  by t h e  d i s c o n t i n u o u s  s u c r o s e  g r a d i e n t  
method d e s c r i b e d  ab o v e  were  c o l l e c t e d  and  h e l d  a t  37 C f o r  48 h o u r s  
i n  an  a n t i b i o t i c  b a t h  c o n t a i n i n g  500 u g /m l  e a c h  o f  s t r e p t o m y c i n ,  
p e n i c i l l i n ,  and  c h l o r a m p h e n i c o l .  A l a r g e  in o c u lu m  o f  s p o r e s  was 
t h e n  added  to  a n  a c t i v e l y - g r o w i n g  c u l t u r e  o f  mouse L c e l l s .  The 
c u l t u r e s  were  h e l d  a t  30 C w i t h  90-100% r e l a t i v e  h u m i d i t y .  
O b s e r v a t i o n s  w ere  made d a i l y  w i t h  a n  i n v e r t e d  m i c r o s c o p e .  The 
f u n g a l  i s o l a t e  o b t a i n e d  f ro m  t h i s  e x p e r i m e n t  c o u l d  be grown on 
p o t a t o  d e x t r o s e  a g a r  (D i f c o  L a b o r a t o r i e s )  a f t e r  i n i t i a l  g e r m i n a t i o n  
i n  t h e  t i s s u e  c u l t u r e  s y s t e m  and  was m a i n t a i n e d  by s u c c e s s i v e  
p a s s a g e s  on t h i s  medium. C u l t u r e s  o f  t h e  i s o l a t e d  f u n g u s  were  
s e n t  to  two m y c o l o g i s t s  f o r  i d e n t i f i c a t i o n ,  D r .  H. L. B a r n e t t  o f  
West V i r g i n i a  U n i v e r s i t y  and  D r .  E. G. Simmons o f  U. S. Army N a t i c k  
L a b o r a t o r i e s .  The f u n g u s  was t e s t e d  f o r  p a t h o g e n i c i t y  t o  £ .  
i n c l u d e n s  l a r v a e .  L a r v a e  o f  a l l  s i z e s  w ere  a l l o w e d  t o  i n g e s t  
m a s s iv e  q u a n t i t i e s  o f  hyphae  and  s p o r e s  w h i l e  t h e y  c r a w l e d  upon 
p o t a t o  d e x t r o s e  a g a r  p l a t e s  c o n t a i n i n g  young c u l t u r e s  o f  t h e  f u n g u s .  
A f t e r  8 h o u r s ,  t h e  l a r v a e  were  r e t u r n e d  to  r e a r i n g  cu p s  w hich  
c o n t a i n e d  p i n t o  bean  d i e t .
V. V i r u s e s  i s o l a t e d  f rom  d i s e a s e d  soybean  l o o p e r  l a r v a e  c o l l e c t e d  
d u r i n g  e p i z o o t i c s
A. I s o l a t i o n
V i r u s e s  w ere  i s o l a t e d  f rom dead  l a r v a e  c o l l e c t e d  f rom  t h e  
1970 and 1971 e p i z o o t i c s  by m a c e r a t i n g  d i s e a s e d  s p ec im en s  and
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s p r e a d i n g  t h i s  m a t e r i a l  on d i e t  s u r f a c e  o r  s o y b ean  l e a v e s  g a t h e r e d  
f rom  one o f  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  l a b o r a t o r y  f a r m s .
H e a l t h y  l a b o r a t o r y - r e a r e d  l o o p e r s  w ere  a l l o w e d  t o  f e e d  on i n o c u l a t e d  
d i e t  o r  so y b ean  l e a v e s .  H e a l t h y  l a r v a e  were  a l s o  f e d  l e a v e s  
g a t h e r e d  f rom  so y b ean  f i e l d s  i n  w h ich  e p i z o o t i c s  were  i n  p r o g r e s s .  
L a rva e  which  d i e d  f rom  t h e s e  t r e a t m e n t s  w ere  p l a c e d  i n  a c l e a n  
r e a g e n t  b o t t l e ,  c o v e r e d  w i t h  d e i o n i z e d  w a t e r ,  and  a l l o w e d  t o  
p u t r e f y  a t  room t e m p e r a t u r e .
B. V i r i o n  l i b e r a t i o n  and  i n f e c t i v i t y
V i r i o n s  w ere  r e l e a s e d  f rom  p o l y h e d r a  by t r e a t i n g  v i r u s  
s u s p e n s i o n s  w i t h  sodium c a r b o n a t e  a s  d e s c r i b e d  by B e rg o ld  ( 1 9 6 3 ) .
The v i r i o n  s u s p e n s i o n s  were  f i l t e r e d  t h r o u g h  a 0 . 4 5  u M i l l i p o r e  
f i l t e r .  The f i l t r a t e  was u s e d  to  i n o c u l a t e  t h e  s u r f a c e  o f  d i e t  
upon which  3 - 4 t h  i n s t a r  l a r v a e  were  a l l o w e d  to  f e e d .  The a b s e n c e  
o f  b a c t e r i a  and f u n g i  i n  t h e  v i r i o n  s u s p e n s i o n  was c o n f i r m e d  by 
p l a t i n g  a n  a l i q u o t  o f  t h e  s u s p e n s i o n  on BHI a g a r  p l a t e s .
C. S to c k  c u l t u r e s
V i r a l  s t o c k s  were  m a i n t a i n e d  by f e e d i n g  4 t h  i n s t a r  l a r v a e  
d i e t  i n o c u l a t e d  w i t h  p o l y h e d r a  a s  d e s c r i b e d  a b o v e .  L a rg e  numbers  
o f  i n c l u s i o n  b o d i e s  w ere  u s e d  f o r  i n f e c t i o n .  A f t e r  d e a t h  l a r v a e  
were  p l a c e d  i n  c l e a n  r e a g e n t  b o t t l e s  and c o v e r e d  w i t h  d e i o n i z e d  
w a t e r .  P u t r e f a c t i o n  was a l l o w e d  t o  p r o c e e d  a t  room t e m p e r a t u r e  
o r  a t  4 C u n t i l  t h e  s t o c k s  were  n e e d e d .
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D . L i g h t  m i c r o s c o p i c  o b s e r v a t i o n s
L a t e  4 t h  i n s t a r  l o o p e r s  were  i n f e c t e d  w i t h  v i r u s  by a l l o w i n g  
them to  f e e d  on d i e t  i n o c u l a t e d  w i t h  a  c o n c e n t r a t e d  s u s p e n s i o n  of  
p o l y h e d r a .  Spec imens  f o r  l i g h t  m i c r o s c o p y  e x a m i n a t i o n  were  
c o l l e c t e d  b e f o r e  i n f e c t i o n  and  e v e r y  24 h o u r s  p o s t - i n f e c t i o n .  The 
l o o p e r s  w ere  b i s e c t e d  be tw ee n  t h e  3 - 4 t h  a b d o m in a l  s e g m e n t s .  The 
a n t e r i o r  and  p o s t e r i o r  ends  w ere  f i x e d  i n  s e p a r a t e  t e s t  t u b e s  
c o n t a i n i n g  L i l l i e s ' s  a l c o h o l - a c e t i c - f o r m a l i n  f l u i d  ( f o r m a l i n - 1 0  ml;  
g l a c i a l  a c e t i c  a c i d - 5  ml;  70% e t h a n o l - 8 5  m l ) . Th ree  l a r v a e  were  
p r e p a r e d  i n  a s i m i l a r  manner a t  e ac h  2 4 -h o u r  i n t e r v a l .  Spec imens  
were  f i x e d  f o r  a  minimum o f  24 h o u r s ,  d e h y d r a t e d  i n  70%, 90%, 95%, 
and 1 0 0 % e t h a n o l  r i n s e s  o f  1 h ou r  e a c h ,  and c l e a r e d  w i t h  2 r i n s e s  
o f  x y l e n e  o f  1 hour  e a c h .  I n f i l t r a t i o n  w i t h  p a r a p l a s t  ( C u r t i n  
S c i e n t i f i c  C o . )  was c a r r i e d  o u t  a t  60 C f o r  24 -72  h o u r s .  The 
s p e c im e n s  w ere  t h e n  embedded i n  f r e s h  p a r a p l a s t  f o r  s e c t i o n i n g .
S e c t i o n s  w ere  c u t  w i t h  a m icro tom e a t  a  t h i c k n e s s  of  6 u .
The s e c t i o n s  were  c o l l e c t e d  on a l b u m i n - c o a t e d  s l i d e s  (G ray ,  1952) 
and  a l l o w e d  t o  d r y  b e f o r e  s t a i n i n g .  Hamm's a z a n  t e c h n i q u e  (Hamm, 
1966) was u s e d  t o  s t a i n  t h e  s e c t i o n s  s p e c i f i c a l l y  f o r  d e t e c t i o n  of  
n u c l e a r  and  c y t o p l a s m i c  p o l y h e d r o s i s  v i r u s e s .  Cover  s l i p s  were  
a f f i x e d  to  t h e  s t a i n e d  s e c t i o n s  w i t h  pe rm oun t .
E. E l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n s
F o u r t h  i n s t a r  l a r v a e  were  i n f e c t e d  w i t h  v i r u s  i n  t h e  same 
manner a s  t h e  l a r v a e  f o r  l i g h t  mLcroscopy .  Two i n f e c t e d  l a r v a e
were  d i s s e c t e d  i n  p h y s i o l o g i c a l  s a lin e  so lu tio n  a f te r  1 2 - h o u r  
in te r v a ls  a f te r  in fe c t io n . Two h e a l t h y  c o n t r o l  l a r v a e  were  a l s o  
d i s s e c t e d .  D i s s e c t i o n s  w ere  p e r fo rm e d  w i t h  f i n e  f o r c e p s  and w i t h  
t h e  a i d  o f  a  d i s s e c t i n g  m i c r o s c o p e .  The t r a c h e a l  m a t r i x ,  f a t  
body ,  and  g u t  t i s s u e s  w ere  removed and  f i x e d  im m e d i a t e l y  w i t h  3% 
g l u t a r a l d e h y d e  (Ladd R e s e a r c h  I n d u s t r i e s ,  I n c . )  i n  S o r e n s o n ' s  
p h o s p h a t e  b u f f e r  ( 0 . 0 1  M, pH 7 . 3 )  m a i n t a i n e d  a t  4 C. A f t e r  2 
h o u r s  o f  f i x a t i o n ,  t h e  t i s s u e s  were  washed  o v e r n i g h t  a t  4 C w i t h  
S o r e n s o n ' s  b u f f e r  p l u s  1% s u c r o s e .  I f  s e v e r a l  sam p les  were  to  be 
p r o c e s s e d  a t  one t i m e ,  s pec im ens  were  f i x e d  i n  g l u t a r a l d e h y d e  and 
k e p t  i n  b u f f e r  u n t i l  a l l  o f  t h e  s am p le s  were  r e a d y  f o r  p o s t f i x i n g .  
One p e r  c e n t  osmium t e t r o x i d e  i n  S o r e n s o n ' s  b u f f e r  was u s e d  to  
p o s t f i x  t h e  e x c i s e d  t i s s u e s  f o r  IJ5 h o u r s  a t  4 C. The t i s s u e s  were  
d e h y d r a t e d  i n  a g r a d e d  s e r i e s  of  e t h a n o l  and embedded i n  S p u r r  
l o w - v i s c o s i t y  embedding  r e s i n  ( P o l y s c i e n c e s ,  I n c . )  a s  d e s c r i b e d  by 
Whi te  (1 9 7 1 ) .
S e c t i o n s  were  c u t  on an  LKB U l t r a t o m e  w i t h  a  diamond k n i f e .  
S i l v e r  to  s i l v e r - g r a y  s e c t i o n s  were  c o l l e c t e d  on c o p p e r  g r i d s  
w i t h o u t  a  s u p p o r t i n g  f i l m .  A l l  s e c t i o n s  were  d o u b ly  s t a i n e d  w i t h  
1% u r a n y l  a c e t a t e  i n  90% e t h a n o l  f o r  2 m i n u te s  and  R e y n o l d ' s  l e a d  
c i t r a t e  (Kay,  1965) f o r  3 m i n u t e s .
C arbon  r e p l i c a s  o f  p o l y h e d r a l  I n c l u s i o n  b o d i e s  were  p r e p a r e d  
a s  d e s c r i b e d  by P e a s e  ( 1 9 6 4 ) .  G r i d s  of  r e p l i c a s  and  t h i n  s e c t i o n s  
were  examined w i t h  a n  RCA EMU 3-G e l e c t r o n  m ic r o s c o p e  u s i n g  an  
a c c e l e r a t i n g  v o l t a g e  o f  50 KV.
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F. M easurements  of  p o l y h e d r a l  i n c l u s i o n  b o d i e s
P o l y h e d r a l  i n c l u s i o n  b o d i e s  w ere  m e asu re d  by l i g h t  m ic ro s c o p y
u s i n g  an  o i l - i m m e r s i o n  o b j e c t i v e  and  a  f i l a r  o c u l a r  m i c r o m e t e r .  
O ne-hund red  p o l y h e d r a  o f  e a c h  i s o l a t e  were  m e asu re d  and  a n  a v e r a g e  
s i z e  o b t a i n e d .
G. D e m o n s t r a t i o n  o f  a n t i b a c t e r i a l  s u b s t a n c e s  p r e s e n t  i n  
hemolymph of  d i e t - r e a r e d  l a r v a e
The p r e s e n c e  o f  a n t i b a c t e r i a l  a g e n t s  i n  t h e  hemolymph of 
l o o p e r s  r e a r e d  on B u r t o n ' s  d i e t  was d e m o n s t r a t e d  by t h e  f o l l o w i n g  
p r o c e d u r e .  Hemolymph was c o l l e c t e d  f rom  5 t h  i n s t a r  s u r f a c e -  
s t e r i l i z e d  l a r v a e  by c u t t i n g  o f f  t h e  t i p s  o f  t h e  p r o l e g s .  S t e r i l e  
f i l t e r  p a p e r  d i s c s  w ere  u sed  t o  c o l l e c t  t h e  d r o p s  of  hemolymph. 
T hese  d i s c s  were  p l a c e d  on p e t r i  d i s h e s  o f  BHI a g a r  s e e d e d  w i t h  a 
heavy  inoc u lum  of  t h e  f o l l o w i n g  o r g a n i s m s :  E s c h e r i c h i a  c o l i ,
B a c i l l u s  c e r e u s , Pseudomonas  g r a v e o l e n s , S t a p h y l o c o c c u s  a u r e u s , and 
S t r e p t o c o c c u s  f a e c a l i s . (The c u l t u r e s  o f  b a c t e r i a  were  o b t a i n e d  
f rom  Dr .  J .  L a r k i n ,  D e p a r tm e n t  of  M i c r o b i o l o g y ,  L o u i s i a n a  S t a t e  
U n i v e r s i t y ) .  Zones  o f  i n h i b i t i o n  were  m easu red  a f t e r  a  2 4 -h o u r  
i n c u b a t i o n  p e r i o d  a t  34 C . These  t e s t s  w ere  r e p e a t e d  w i t h  l a r v a e  
t h a t  had f e d  on so y b e a n  l e a v e s  f o r  24 h o u r s  and  48 h o u r s  a f t e r  
rem ova l  f rom  t h e  r e a r i n g  d i e t .
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H. I n f e c t i v i t y  t e s t s
I n f e c t i v i t y  t e s t s  were  p e r f o r m e d  w i t h  t h e  v i r a l  i s o l a t e s  
a g a i n s t  P_. i n c l u d e n s  l a r v a e  t o  d e t e r m i n e  t h e  number o f  p o l y h e d r a  
r e q u i r e d  t o  k i l l  l a r v a e  o f  v a r i o u s  i n s t a r s .  V i r u s  p r e p a r a t i o n s  
were  made f rom  t h e  v i r u s  s t o c k s  by s e d i m e n t i n g  t h e  m a t e r i a l  by 
l o w -s p e e d  c e n t r i f u g a t i o n  f o r  5 m i n u t e s .  D e i o n i z e d  w a t e r  was 
added  to  t h e  p e l l e t  which  was s t r a i n e d  t h r o u g h  4 l a y e r s  o f  
c h e e s e c l o t h .  P o l y h e d r a  were  c o u n t e d  w i t h  an  Improved  N eubauer  
Hemocytometer  and  d i l u t i o n s  were  made a c c o r d i n g l y  i n  d e i o n i z e d  
w a t e r .  The 1971 v i r a l  s t o c k  u sed  f o r  t h e  t e s t s  was p r e p a r e d  f rom  
t r a c h e a l  t i s s u e  o b t a i n e d  f rom  a  so y b e a n  l o o p e r  t h a t  was h e a v i l y  
i n f e c t e d  w i t h  t h e  1971 i s o l a t e .
L a r v a e  t o  be  u s e d  f o r  t h e s e  e x p e r i m e n t s  w ere  a l l o w e d  t o  f e e d  
f o r  one  day  on  p i n t o  b e a n  d i e t  w i t h o u t  i n h i b i t o r s  u s u a l l y  added  to  
t h e  d i e t  ( f o r m a l d e h y d e ,  s o r b i c  a c i d ,  a n d  m e t h y l p a r a h y d r o x y -  
b e n z o a t e ) . L ea f  d i s c s  ( 6mm d i a m e t e r )  w ere  c u t  f ro m  s o y b e a n  l e a v e s  
( c o l l e c t e d  f rom  g r e e n h o u s e  p l a n t s  o r  so y b e a n  f i e l d s )  and  1 o r  2 
u l  of  t h e  a p p r o p r i a t e  v i r a l  d i l u t i o n  was added  t o  e a c h  d i s c .
A f t e r  t h e  d r o p l e t  had  c o m p l e t e l y  d r i e d ,  t h e  d i s c s  were  p l a c e d  
i n t o  r e a r i n g  cu p s  t h a t  had  b e e n  l i n e d  w i t h  p a p e r  t o w e l i n g  m o i s t e n e d  
w i t h  d e i o n i z e d  w a t e r .  One l a r v a  was p u t  i n t o  e a c h  c u p .  Twenty t o  
40 l a r v a e  were  f e d  d i s c s  c o a t e d  w i t h  e a c h  v i r u s  c o n c e n t r a t i o n  and 
20-30  c o n t r o l  l a r v a e  were  f e d  d i s c s  c o a t e d  w i t h  d e i o n i z e d  w a t e r .
The i n s e c t s  were  h e l d  a t  room t e m p e r a t u r e  f o r  t h e  d u r a t i o n  o f  th e
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t e s t s .  A f t e r  24 h o u r s ,  l a r v a e  t h a t  had  n o t  consumed t h e  e n t i r e  
d i s c  were d i s c a r d e d .  T e s t  l a r v a e  were  t r a n s f e r r e d  to  d i e t  w i t h o u t  
i n h i b i t o r s  e v e r y  day  f o r  two d a y s .  They were  th e n  t r a n s f e r r e d  t o  
d i e t  w i t h  i n h i b i t o r s  on which  t h e y  were  m a i n t a i n e d  f o r  t h e  r e s t  
o f  t h e  e x p e r i m e n t .  P e r  c e n t  m o r t a l i t y  was r e c o r d e d  a f t e r  th e  
c o n t r o l  l a r v a e  had  p u p a t e d .
D a ta  o b t a i n e d  f rom  t h e s e  e x p e r i m e n t s  were  c o r r e c t e d  f o r  
m o r t a l i t y  among t h e  c o n t r o l  l a r v a e  by A b b o t t ' s  f o r m u l a  and were  
p l o t t e d  on l o g - d o s a g e  p r o b i t  p a p e r .  E y e - f i t t e d  c u r v e s  were  drawn.
RESULTS AND DISCUSSION
M i c r o s c o p ic  e x a m i n a t i o n  o f  d i s e a s e d  l a r v a e  c o l l e c t e d  d u r in g  
e p i z o o t i c s  r e v e a l e d  s e v e r a l  m i c r o b i a l  p a t h o g e n s  i n v o l v e d  i n  t h e  
e p i z o o t i c s .  R e s t i n g  s p o r e s  and c o n i d i a  o f  an En tom ophthora  s p .  
were  o b s e r v e d  i n  some s p e c im e n s .  Dark r e s t i n g  s p o r e s  were  found 
in  many o f  t h e  b l a c k  ty p e  l a r v a e ,  w h i l e  e x a m i n a t i o n  o f  t h e  brown 
ty p e  r e v e a l e d  c o n i d i a  e x t e r n a l  t o  t h e  body .  Some spec im ens  showed 
no symptoms of  a  f u n g a l  d i s e a s e ,  b u t  r a t h e r  c o n t a i n e d  v i r a l  i n c l u s i o n  
b o d i e s .  Upon c l o s e r  e x a m i n a t i o n ,  i t  was o b s e r v e d  t h a t  many l a r v a e
i n f e c t e d  w i t h  fungus  a l s o  c o n t a i n e d  v i r a l  i n c l u s i o n  b o d i e s .
A t te m p ts  t o  t r a n s f e r  t h e  d i s e a s e  complex r e s u l t e d  i n  d e a t h  o f  
l a b o r a t o r y - r e a r e d  P s e u d o p l u s i a  i n c l u d e n s  l a r v a e .  V i ru s  was 
i s o l a t e d  from a l l  s p e c im e n s .  No e v i d e n c e  o f  En tom oph thora  i n f e c t i o n  
was o b s e r v e d  i n  any o f  t h e  e x p e r i m e n t s .
I .  B a c t e r i a  i s o l a t e d  from t i s s u e s  o f  P s e u d o p l u s i a  i n c l u d e n s
The b a c t e r i a l  i s o l a t e s  from th e  m i d - g u t  t i s s u e s  o f  l a b o r a t o r y -  
r e a r e d ,  h e a l t h y  f i e l d - c o l l e c t e d ,  and d i s e a s e d  f i e l d - c o l l e c t e d  
l a r v a e  a r e  l i s t e d  i n  T ab le  1.  B a c t e r i a  were  keyed  o n ly  t o
g e n e r a  s i n c e  many o f  t h e  i s o l a t e s  were  n o t  i d e n t i c a l l  t o  t h e  s p e c i e s
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T a b l e  1: B a c t e r i a l  I s o l a t e s  from l a b o r a t o r y - r e a r e d  P_. I n c l u d e n s
l a r v a e  and h e a l t h y  and d i s e a s e d  f i e l d - c o l l e c t e d  l a r v a e
L a b o r a t o r y - r e a r e d H e a l t h y  l o o p e r s D i s e a s e d  l o o p e r s
loopers f ie I d -c o l le c te d f ie ld - c o l le c t e d
P a r a c o l o b a c t r u m P a r a c o l o b a c t r u m P a r a c o l o b a c t r u m
s p .  ( I I ) a s p .  ( I ,  I I I ) s p .  ( I I )
F l a v o b a c t e r i u m F l a v o b a c t e r i u m A chrom obac te r
s p .  ( I l l ) s p .  ( I ,  I I ,  I I I ,  IV) s p .  ( I I )
A l c a l i g e n e s A l c a l i g e n e s A e r o b a c t e r
s p .  ( I I ) s p .  ( I ,  I I ,  I I I ,  IV) s p .  ( I )
E s c h e r i c h i a E r w in i a Pseudomonas
s p .  ( I I ) s p .  ( I ) s p .  ( I l l ,  IV,  VI)
Xanthomonas Pseudomonas B a c i l l u s
s p .  ( I ) s p .  ( I ,  V) s p .  ( T I I ,  IV,  V)
B a c i l l u s E s c h e r i c h i a
s p .  ( I ) s p .  ( I l l )
C o r y n e b a c te r iu m
s p .  ( I )
B r e v i b a c t e r i u m
s p .  ( I )
M ic ro c o c c u s
s p .  ( I )
S t a p h y l o c o c c u s
s p .  ( I )
S t r e p t o c o c c u s
s p .  ( I ,  I I ,  I I ,  IV)
U n i d e n t i f i e d  b r a n c h i n g
b a c t e r i u m
a I s o l a t e s  w i t h i n  a genus  were  a s s i g n e d  d i f f e r e n t  Roman n u m b e ra l s .  
B a c t e r i a  w i t h i n  a genus  g i v i n g  t h e  same r e a c t i o n s  on t h e  d i f f e r e n t i a l  
media  employed were  a s s i g n e d  t h e  same n u m e r a l .
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d e s c r i b e d  i n  B e r g e y ' s  Manual .  I s o l a t e s  w i t h i n  a genus  were  a s s i g n e d  
d i f f e r e n t  Roman n u m e r a l s .  B a c t e r i a  w i t h i n  a genus  g i v i n g  th e  
same r e a c t i o n s  on t h e  d i f f e r e n t i a l  media  employed were  a s s i g n e d  
t h e  same n u m e ra l .
Only f i v e  i s o l a t e s  w ere  found  i n  m i d - g u t  s a m p le s  from 
l a b o r a t o r y - r e a r e d  l a r v a e .  S e v e n t y - f i v e  p e r  c e n t  o f  t h e  l a r v a e  
examined were  f r e e  o f  b a c t e r i a  t h a t  c o u l d  be c u l t u r e d  by t h e  methods  
employed.  Low numbers o f  o rg a n i s m s  c u l t u r e d  from t h e  g u t  were  
p r o b a b l y  a c q u i r e d  by t h e  l a r v a e  d u r i n g  t h e  p r o c e s s  o f  t r a n s f e r r i n g  
newly h a t c h e d  i n s e c t s  t o  d i e t  s i n c e  b a c t e r i a l  g ro w th  was r a r e l y  
s een  on d i e t  s u r f a c e .  Hemolymph and t e s t e s  from l a r v a e  r e a r e d  on 
d i e t  were  b a c t e r i a - f r e e  i n  a l l  5 s am p le s  t e s t e d .
T w e n ty - f o u r  b a c t e r i a l  i s o l a t e s  r e p r e s e n t i n g  13 g e n e r a  were 
c u l t u r e d  from h e a l t h y  f i e l d - c o l l e c t e d  l a r v a e .  The b r a n c h i n g  
b a c t e r i u m  was n o t  i d e n t i f i e d  s i n c e  t h e  c u l t u r e  was l o s t  upon 
s u b s e q u e n t  a t t e m p t s  t o  t r a n s f e r  i t .  Organ isms  c o m p r i s i n g  th e  
l a r v a l  m i c r o f l o r a  seem t o  be t y p i c a l  o f  t h o s e  found  i n  s o i l  o r  
p l a n t  s u r f a c e s .  C u r s o ry  e x a m i n a t i o n  o f  t h e  f u n g a l  i s o l a t e s  
r e v e a l e d  A s p e r g i l l u s , P e n i c i l l i u m , and Mucor s p e c i e s .  Two s p e c i e s  
o f  y e a s t  were  c u l t u r e d  b u t  n o t  i d e n t i f i e d .  The m a j o r i t y  o f  t h e  
b a c t e r i a l  i s o l a t e s  were  s m a l l  g r a m - n e g a t i v e  r o d s .  Next  i n  
p rom inence  were  c o c c i ,  g r a m - p o s i t i v e  n o n - s p o r e f o r m e r s , and gram- 
p o s i t i v e  s p o r e f o r m e r s . The o b s e r v a t i o n s  a r e  i n  g e n e r a l  ag reem en t  
w i t h  a n a l y s e s  o f  b a c t e r i a  p r e s e n t  i n  many d i f f e r e n t  i n s e c t s
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( S t e i n h a u s ,  1 949 ) .  E r w ln l a  was c u l t u r e d  from o n ly  one l a r v a l  
g u t .  There  were  no i n d i c a t i o n s  o f  t h e  l o o p e r s  h a r b o r i n g  and 
d i s p e r s i n g  members o f  t h i s  genus  o f  p l a n t  p a t h o g e n s .  B r e v i b a c t e r i u m  
and C o r y n e b a c t e r iu m  a r e  s o i l  b a c t e r i a  t h a t  have  b een  c u l t u r e d  from 
s e v e r a l  i n s e c t  s p e c i e s  ( S t e i n h a u s ,  1 9 4 9 ) .  Lysenko (1959) s t u d i e d  
f o u r  s p e c i e s  o f  B r e v i b a c t e r i u m  i s o l a t e d  from i n s e c t  s o u r c e s ,  two 
o f  w hich  were  p r e v i o u s l y  u n d e s c r i b e d .  A c h r o m o b a c te r , B a c i l l u s , 
F l a v o b a c t e r i u m , M i c r o c o c c u s , P a r a c o l o b a c t r u m , and S t r e p t o c o c c u s  
p r e s e n t  i n  t h e  soybean  l o o p e r  m i d - g u t  have  been  i s o l a t e d  from 
m i d - g u t  t i s s u e s  o f  o t h e r  l e p i d o p t e r o u s  l a r v a e  (Angus ,  1952;  Nunez,  
H e n s l e y ,  and Colmer ,  1 9 6 8 ) .  Thus t h e  m i c r o f l o r a  from th e  m i d - g u t  
o f  J?. i n c l u d e n s  l a r v a e  c o n s i s t s  o f  g r a m - n e g a t i v e  r o d s ,  gram- 
p o s i t i v e  s p o r e f o r m i n g  r o d s ,  g r a m - p o s i t i v e  n o n - s p o r e f o r m i n g  r o d s ,  
and c o c c i .  S in c e  t h e  i s o l a t e s  a r e  o f  s o i l  o r  p l a n t  o r i g i n ,  i t  
seems t h a t  t h e  l a r v a l  m i c r o f l o r a  r e f l e c t s  t h e  m i c r o f l o r a  o f  t h e  
h o s t  p l a n t .
The b a c t e r i a l  f l o r a  i s o l a t e d  from f r a s s  p e l l e t s  o f  h e a l t h y  
l a r v a e  from t h e  f i e l d  d i f f e r e d  o n ly  s l i g h t l y  from t h e  m i d - g u t  
m i c r o f l o r a .  B a c t e r i a  i s o l a t e d  from f r a s s  were  A chrom obac te r  s p .
( I ,  I I ,  I V ) ,  B a c i l l u s  s p .  ( I I ) ,  E s c h e r i c h i a  s p .  ( I ) ,  P a r a c o l o b a c t r u m  
s p . ( I , I I I )  , Psuedomonas s p . ( I , V ) , and S t a p h y l o c o c c u s  s p . ( I ) . 
Only t h e  B a c i l l u s  and E s c h e r i c h i a  s p e c i e s  were  n o t  found  i n  t h e  
l a r v a l  m i d - g u t .  Angus (1952)  c o l l e c t e d  f r a s s  from l a r v a e  o f  th e  
e a s t e r n  hemlock l o o p e r  which  had b een  a n e s t h e t i z e d  and s u r f a c e -  
s t e r i l i z e d  In 0.1% Hyamine s o l u t i o n .  The l a r v a e  were  d r i e d  and
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p l a c e d  i n  t e s t  t u b e s  on f i l t e r  p a p e r .  A f t e r  t h e  i n s e c t s  r e v i v e d  
d e f e c a t i o n  o c c u r r e d .  F r a s s  p e l l e t s  were  c o l l e c t e d  by removing th e  
f i l t e r  p a p e r  from t h e  t e s t  t u b e s .  M ic ro o rg an i sm s  were c u l t u r e d  
from t h e  f r a s s  i n  s t e r i l e  b r o t h .  One b a c t e r i u m ,  a M ic rococ cus  
s p e c i e s ,  was i s o l a t e d  from f r a s s  c o l l e c t e d  from 45 i n s e c t s .  A 
number o f  f u n g i  and y e a s t  were  p r e s e n t .  From t h e  o b s e r v a t i o n  
t h a t  f r a s s  was u s u a l l y  b a c t e r i a - f r e e , Angus (1952) s u g g e s t e d  t h a t  
i n g e s t e d  b a c t e r i a  do n o t  s u r v i v e  p a s s a g e  th r o u g h  t h e  g u t  o r  t h a t  
t h e i r  numbers a r e  g r e a t l y  r e d u c e d .  In  t h e  p r e s e n t  w ork ,  s i x  g e n e r a  
o f  b a c t e r i a  were i s o l a t e d  from f r a s s  o f  t h e  soybean  l o o p e r .  
D i f f e r e n c e s  in  t h e  two r e p o r t s  may r e f l e c t  o n ly  d i f f e r e n c e s  in  
t e c h n i q u e .
S ix  g e n e r a  and 10 s p e c i e s  o f  b a c t e r i a  were  c u l t u r e d  from 
d i s e a s e d  l a r v a e  c o l l e c t e d  from s o y b ean  f i e l d s .  S i x t y  p e r  c e n t  o f  
t h e  i s o l a t e s  were  members o f  t h e  g e n e r a  B a c i l l u s  and P seudom onas . 
S p e c i e s  o f  A c h r o m o b a c te r , A e r o b a c t e r , E s c h e r i c h i a , and 
P a r a c o l o b a c t r u m  co m p r i s e d  t h e  r e m a i n i n g  m i c r o f l o r a .  Moore (1971 ,  
1972) found  two B a c i l l u s  s p e c i e s ,  Pseudomonas f l u o r e s c e n s . and 
S e r r a t i a  m a rc e s c e n s  p r e s e n t  i n  h e a l t h y  and d i s e a s e d  S o u th e r n  p i n e  
b e e t l e s .  He c o n c lu d e d  t h a t  t h e s e  p o t e n t i a l  p a t h o g e n s  were  n o t  
common g u t  i n h a b i t a n t s  e x c e p t  f o r  S e r r a t i a  b u t  t h a t  t h e y  c o u ld  
have a d e l e t e r i o u s  e f f e c t  on t h e  i n s e c t  a s  t h e y  p a s s  t h r o u g h  t h e  
a l i m e n t a r y  t r a c t .
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B a c t e r i a  c u l t u r e d  from d i s e a s e d  pupae  were  P a r a c o l o b a c t r u m  
s p .  ( I I ) ,  Pseudomonas s p .  ( I I ,  IV ) ,  S t a p h y l o c o c c u s  s p .  ( I I ) ,  and 
S t r e p t o c o c c u s  s p .  (V) • The c o c c i  a s s o c i a t e d  w i t h  d i s e a s e d  pupae  
were n o t  p r e s e n t  i n  d i s e a s e d  l a r v a e .  The e f f e c t  o f  m e ta m o rp h o s i s  
on t h e  m i c r o f l o r a  c o m p o s i t i o n  has  n o t  b e e n  r e p o r t e d  f o r  t h e  soybean  
l o o p e r  and t h i s  o b s e r v a t i o n  may r e f l e c t  o n ly  a change  in  m i c r o f l o r a  
as  th e  i n s e c t  m a t u r e s  ( S t e i n h a u s ,  1 9 4 9 ) .
T o t a l  numbers o f  b a c t e r i a ,  f u n g i ,  and y e a s t  i n  t h e  g u t  of  
h e a l t h y  f i e l d - c o l l e c t e d  l o o p e r s  were  compared to  numbers o f  t h e s e  
o rg a n i s m s  from s oybean  l e a v e s .  The d a t a  a r e  p r e s e n t e d  i n  T a b l e  2. 
More b a c t e r i a ,  f u n g i ,  and y e a s t  were c u l t u r e d  from l e a v e s  t h a n  
from h e a l t h y  l a r v a l  m i d - g u t .  F unga l  c o u n t s  w ere  1 0 0 - f o l d  g r e a t e r  
and y e a s t  c o u n t s  1 , 0 0 0 - f o l d  g r e a t e r  from l e a f  s u r f a c e s  t h a n  from 
t h e  g u t .  I d e n t i f i c a t i o n  of  b a c t e r i a  from so y b e a n  l e a v e s  was n o t  
a t t e m p t e d ,  b u t  from o b s e r v a t i o n s  o f  c o l o n i a l  morphology  i t  seemed 
t h a t  t h e  m a j o r i t y  o f  b a c t e r i a  i s o l a t e d  from t h e  g u t  o f  h e a l t h y  
l o o p e r s  was s i m i l a r  t o  t h o s e  c u l t u r e d  from l e a v e s .  T h u s ,  i t  
a p p e a re d  t h a t  t h e  m i c r o f l o r a  o f  t h e  s o y b ean  l o o p e r  i s  d e r i v e d  from 
the m icroflora of the so y b e a n  l e a v e s  i n g e s t e d .
I I .  Fungi  a s s o c i a t e d  w i t h  d i s e a s e d  P s e u d o p l u s i a  i n c l u d e n s  l a r v a e
A. E n tom oph thora  s p .
D is e a s e d  s p ec im en s  s e n t  to  Dr. D. M. MacLeod were  found  to  
c o n t a i n  c o n i d i a  and r e s t i n g  s p o r e s  o f  an En tom oph tho ra  s p e c i e s .
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T a b l e  2: T o t a l  numbers o f  b a c t e r i a ,  f u n g i ,  and y e a s t  p e r  gram
of  soybean  l e a v e s  and o f  g u t  t i s s u e  from h e a l t h y  soybean  l o o p e r s
b a c t e r i a
f u n g i
v e a s t
t o t a l  number of  
m i c r o o r g a n i s m s /g r a m  
o f  soybean  l e a v e s
9 . 8  x 10 8
7 .2  x 10
1 . 5  x 10'
8
t o t a l  number of  
m i c r o o r g a n i s m s / g r a m  
g u t  t i s s u e  from 
h e a l t h y  l o o p e r s
3 . 7  x 10
2 . 2  x 1 0 l
1 . 5  x 10
8
33
The f o l l o w i n g  d e s c r i p t i o n s  o f  t h e  fungus  a r e  h i s  (MacLeod,  p e r s o n a l  
c o m m u n ic a t io n ) .  Dead l a r v a e  c o l l e c t e d  from e p i z o o t i c  a r e a s  were  
o f  two d i s t i n c t  t y p e s ,  one b l a c k  and m o i s t ,  t h e  o t h e r  brown and 
l e a t h e r y .  The b l a c k  t y p e  was f i l l e d  w i t h  r e s t i n g  s p o r e s  o r  
a z y g o s p o r e s .  These  s p o r e s  were  b l a c k  i n  mass b u t  v a r i e d  from d a rk  
brown to  b l a c k  when v iewed  s i n g l y .  They v a r i e d  i n  s h ap e  from 
g l o b o s e  to  o v a l .  G lobose  s p o r e s  a v e r a g e  4 7 .5  u + 3 . 9 :  o v a l  s p o r e s  
a v e r a g e  4 8 . 0  u + 5 .4  x 4 2 . 0  u + 3 . 1 .  S p o re s  had a d i s t i n c t  foramen 
w hich  m easured  1 2 .5  u i n  d i a m e t e r .  Very f i n e  p r o j e c t i o n s  were  
s e e n  on t h e  s u r f a c e  o f  t h e  r e s t i n g  s p o r e s  ( F i g .  1 ) .  By a p p l y i n g  
p r e s s u r e ,  t h e  s p o r e s  were  r u p t u r e d  e x p o s i n g  a s m o o th - w a l l e d  e p i s p o r e  
( F i g .  2 ) .  R e s t i n g  s p o r e s  p r o d u c e d  i n  P.  i n c l u d e n s  d e v e l o p e d  from 
v e g e t a t i v e  hyphae  ( F i g .  3 ) .
D is e a s e d  l a r v a e  i n  w h ich  c o n i d i a  were  p r o d u c e d  w ere  t y p i c a l  
o f  t h e  second  t y p e ,  brown i n  c o l o r  and th e y  seemed t o  c o n t a i n  c o n i d i a  
o n l y .  C o n id i a  were  u n i n u c l e a t e d .  They were  c y l i n d r i c a l  t o  c l u b -  
s h a p e d ,  s y m m e t r i c a l  to  somewhat e l l i p t i c a l  ( F i g .  4 ) .  They a v e r a g e d
2 0 .4  u + 2 .15  x 8 . 4  u + 0 . 8 7 .  I n  g e n e r a l  t h e  c o n i d i a  t a p e r e d  tow ard  
t h e  b a s e  to  form a r a t h e r  b l u n t  o r  t r u n c a t e  p a p i l l a .
R e s t i n g  s p o r e s  i n  d i s e a s e d  P_. i n c l u d e n s  l a r v a e  w ere  v e r y  
s i m i l a r  t o  t h o s e  d e s c r i b e d  by W eise r  i n  1965,  f o r  w h ich  he  p r o p o s e d  
t h e  name T a r i c h iu m  gammae. F o l lo w in g  t h e  c o n v e n t i o n  o f  MacLeod and 
M u l l e r - K o g l e r  ( 1 9 7 0 ) ,  t h e  fungus  w i l l  be r e f e r r e d  t o  a s  E n tom oph tho ra  
(T a r i c h iu m )  gammae i n  t h i s  d i s s e r t a t i o n .  I n  t h e  o r i g i n a l  d e s c r i p t i o n
F i g .  1: R e s t i n g  s p o r e s  o b s e r v e d  i n  a wet  mount p r e p a r a t i o n  from
a d i s e a s e d  soybean  l o o p e r .  Some s p o r e s  h ave  a d i s t i n c t  
foramen ( F ) , o t h e r s  show p r o j e c t i o n s  on t h e  s u r f a c e .  347 X
k
F ig .  2: E p i s p o r e s  (E) p roduced  upon r u p t u r e  o f  r e s t i n g  s p o r e s
o b s e r v e d  i n  a wet mount p r e p a r a t i o n .  F ragments  o f  s p o r e  
c o a t s  (SC) may be s e e n .  293 X

F ig .  3: A wet mount p r e p a r a t i o n  showing d e v e lo p m en t  o f  r e s t i n g
s p o r e s  from v e g e t a t i v e  hyphae .  S po res  may be s e e n  i n  
v a r i o u s  d e v e l o p m e n t a l  s t a g e s .  153 X

Fig  4 :  A wet  mount p r e p a r a t i o n  o f  c o n i d i a  o f  En tom oph tho ra
gamme found on t h e  c u t i c l e  o f  d i s e a s e d  l a r v a e  o f  t h e  
soybean  l o o p e r .  204 X
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o f  t h e  s p e c i e s ,  W eise r  (1965) r e f e r r e d  to  m a tu re  a z y g o s p o r e s  a s  
f l a t t e n e d  i n t o  a p i l l - l i k e  form.  A f t e r  com par ing  r e s t i n g  s p o r e s  
from th e  soybean  l o o p e r  t o  a  s l i d e  o f  (T \ )  gammae p r e p a r e d  by 
W e i s e r ,  Dr.  MacLeod and t h e  a u t h o r  c o n c l u d e d  t h a t  f l a t t e n e d  forms 
were more p r e v a l e n t  i n  t h e  s l i d e  from W eise r  t h a n  i n  d i s e a s e d  £ .  
i n c l u d e n s  l a r v a e .  T h i s  o b s e r v a t i o n  may r e f l e c t  o n ly  t h e  d e g r e e  
o f  d i s t o r t i o n  of  t h e s e  s p o r e s  c a u s e d  by crowded c o n d i t i o n s  i n  t h e  
i n s e c t  h o s t  o r  by d e h y d r a t i o n .  One o t h e r  d i s c r e p a n c y  e x i s t e d  
be tw een  W e i s e r ' s  d e s c r i p t i o n  and t h e  r e s t i n g  s p o r e s  from t h e  
soybean  l o o p e r .  Measurements  o f  li. ( T . )  gammae s p o r e s  a v e r a g e d  
53 x 56 u ;  g l o b o s e  r e s t i n g  s p o r e s  from t h e  soybean  l o o p e r  a v e r a g e d
4 7 .5  u ,  w h i l e  o v a l  s p o r e s  a v e r a g e d  4 8 . 0  u x 4 2 . 0  u .  Wuest and 
T u r i a n  (1971) and Koval  (1969)  have  s u b s e q u e n t l y  d e s c r i b e d  £ .
( T . )  gammae from Ocnognya p a r a s i t a  l a r v a e  and  P i e r i s  b r a s s i c a e  
l a r v a e ,  r e s p e c t i v e l y .  Koval  r e p o r t e d  a z y g o s p o r e s  a s  s p h e r i c a l ,  
making no m e n t io n  o f  f l a t t e n e d  fo rm s .  Wuest and T u r i a n  d e s c r i b e d  
t h e  s p o r e s  a s  h a v i n g  t h e  form o f  a s p h e r e ,  d e p r e s s e d  toward  t h e  
two p o l e s ,  w i t h  an a v e r a g e  d i a m e t e r  o f  45 u.
I n f e c t i o n  by f u n g i  o f  t h e  E n t o m o p h th o r a l e s  p r o c e e d s  when a 
con id ium  f a l l s  on t h e  c u t i c u l a r  l a y e r  o f  t h e  h o s t  i n s e c t .  A germ 
tu b e  i s  formed w hich  p e n e t r a t e s  t h e  c u t i c l e  and e s t a b l i s h e s  
i n f e c t i o n  i n  t h e  hem ocoe l .  Hyphae a r e  p ro d u ced  w hich  l a t e r  b r e a k  
up i n t o  s h o r t  h y p h a l  b o d i e s .  M yco tox in s  p ro d u c e d  by some 
entomogenous  f u n g i  a r e  p o w e r f u l  enough t o  c a u s e  d e a t h  of  t h e  h o s t
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b e f o r e  t i s s u e  i n v a s i o n  o c c u r s  ( P r a s e r t p h o n ,  1969;  P r a s e r t p h o n  and 
T anada ,  1 9 6 9 ) .  I f  h y p h a l  p e n e t r a t i o n  o c c u r s ,  t h e  f a t  body i s  th e  
p r e f e r r e d  s i t e  o f  i n f e c t i o n  ( R o b e r t s  and Y e n d o l , 1 9 7 1 ) .  C o n id i a  
a r e  p ro d u c e d  by c o n i d i p h o r e s  b o rn e  e i t h e r  i n t e r n a l l y  o r  e x t e r n a l l y .  
The mechanism t h a t  t r i g g e r s  r e s t i n g  s p o r e  f o r m a t i o n  i s  n o t  known.
I t  h a s  been  s u g g e s t e d  t h a t  r e s t i n g  s p o r e s  a r e  formed n e a r  t h e  end 
o f  t h e  g row ing  s e a s o n  and t h a t  f o r m a t i o n  may be d e p e n d e n t  
upon e n v i r o n m e n t a l  c o n d i t i o n s  (MacLeod,  1 9 6 3 ) .  C o n id i a  a r e  
t h e  i n f e c t i o u s  forms and r e s t i n g  s p o r e s  s e r v e  t o  e n d u r e  w e a t h e r  
c o n d i t i o n s  and g e r m i n a t e  t h e  f o l l o w i n g  y e a r  (MacLeod,  1 9 6 3 ) .
C o n i d i a  a r e  v i a b l e  f o r  o n l y  a s h o r t  p e r i o d  o f  t i m e ,  p o s s i b l y  
f o r  o n ly  s e v e r a l  h o u r s  ( R o b e r t s  and Y e n d o l ,  1 9 7 1 ) .
A t t e m p t s  t o  c u l t u r e  t h e  f u n g a l  p a t h o g e n  from soybean  l o o p e r s  
f a i l e d .  BHI a g a r ,  BHI a g a r  w i t h  10% h o r s e  se rum ,  and BHI a g a r -  
10% h o r s e  s e r u m - 0 . 5% b e e f  e x t r a c t  media  were  i n o c u l a t e d  w i t h  
d i s e a s e d  sp e c im e n s  b e a r i n g  c o n i d i a  and r e s t i n g  s p o r e s .  G e r m in a t io n  
d i d  n o t  o c c u r .  S l i d e  c u l t u r e s  p r e p a r e d  w i t h  t h e  same media 
u s i n g  r e s t i n g  s p o r e s  a s  inocu lum  were  k e p t  f o r  p e r i o d s  o f  two 
weeks i n  a chamber a t  95-100% r e l a t i v e  h u m i d i t y .  G e r m in a t io n  d i d  
n o t  o c c u r .  Shake c u l t u r e s  c o n t a i n i n g  BHI-10% h o r s e  s e r u m - 0 . 5% 
b e e f  e x t r a c t - 5 0 0  ug /m l  c h l o r a m p h e n i c o l  i n o c u l a t e d  w i t h  a c ru d e  
p r e p a r a t i o n  from d i s e a s e d  l a r v a e  c o n t a i n i n g  r e s t i n g  s p o r e s  and 
c o n i d i a  p ro d u ced  s e v e r a l  t y p e s  of  f u n g i .  When th e  c u l t u r e  was 
I n o c u l a t e d  on a g a r  p l a t e s  o f  th e  same medium, a Mucor s p e c i e s  
o v e rg re w  the  e n t i r e  p l a t e  in  2 d a y s .  I f  t h e  Entomopht h o r a s p e c i e s
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had g e r m i n a t e d  i t  c o u l d  n o t  be  d e m o n s t r a t e d  b e c a u s e  o f  c o n t a m i n a t i o n  
by o t h e r  f u n g i .
Very few E n tom ophthora  have b een  s u c c e s s f u l l y  c u l t u r e d  in  
t h e  l a b o r a t o r y .  Some o f  t h e  f u n g i  have  f a s t i d i o u s  n u t r i t i o n a l  
r e q u i r e m e n t s  and egg y o l k  seems t o  be t h e  b e s t  c u l t u r e  medium 
a v a i l a b l e  f o r  c o n i d i a l  g e r m i n a t i o n .  G e r m in a t io n  p r o c e e d s  by 
f o r m a t i o n  o f  a germ t u b e  i n t o  which  f lo w s  p r o t o p l a s m  from th e  
co n id iu m .  R e c e n t l y  T y r r e l l  and MacLeod (1972) have r e p o r t e d  th e  
s p o n t a n e o u s  r e l e a s e  o f  p r o t o p l a s t s  from c o n i d i a  o f  an  En tom oph tho ra  
s p e c i e s  g e r m i n a t i n g  i n  G r a c e ' s  t i s s u e  c u l t u r e  medium. D uring  t h e  
f i r s t  s e v e r a l  days  o f  g r o w t h ,  t h e  p r o t o p l a s t s  assumed a shape  
s i m i l a r  t o  a n im a l  c e l l s  i n  c u l t u r e .  I n j e c t i o n  o f  p r o t o p l a s t s  
p ro d u ced  i n f e c t i o n  o f  h e a l t h y  i n s e c t s  w i t h  r e p r o d u c i b l e  r e s u l t s .  
Whether  t h e  p r o t o p l a s t  s t a g e  e x i s t s  i n  an  i n s e c t  h o s t  o r  i s  an 
a r t i f a c t  in d u c ed  by t h e  t i s s u e  c u l t u r e  medium i s  n o t  known.
R e s t i n g  s p o r e  g e r m i n a t i o n  h a s  b een  r e p o r t e d  f o r  a few 
En tom ophthora  s p e c i e s  (MacLeod,  1 9 6 3 ) .  V a r io u s  p h y s i c a l  and 
c h e m ic a l  t r e a t m e n t s  have  b een  u t i l i z e d  to  i n d u c e  g e r m i n a t i o n  i n  
o t h e r  s p e c i e s  w i t h o u t  s u c c e s s  (E v lak h o v a  and W oronina ,  1 964 ) .  
C o n f l i c t i n g  r e p o r t s  e x i s t  c o n c e r n i n g  t h e  s e q u e n c e  o f  e v e n t s  
i n v o l v e d  i n  r e s t i n g  s p o r e  g e r m i n a t i o n .  I t  i s  t h o u g h t  t h a t  a 
s t o u t  germ t u b e  p r o t r u d e s  from t h e  s p o r e ,  b u t  w h e th e r  i t  p r o d u c e s  
c o n i d i a  o r  hyphae  h a s  n o t  been  e s t a b l i s h e d  (MacLeod, 1963) .
I t  i s  p o s s i b l e  t h a t  g e r m i n a t i o n  o f  c o n i d i a  from d i s e a s e d  
soybean  l o o p e r s  c o u l d  have  been o b s e r v e d  in  th e  l a b o r a t o r y  i f
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egg y o l k  medium had b e e n  u t i l i z e d  and a f r e s h l y  s p o r u l a t i n g  f u n g a l  
c u l t u r e  from a dead  i n s e c t  u sed  a s  in o c u lu m .  From a v a i l a b l e  
r e p o r t s ,  i t  seems t h a t  r e s t i n g  s p o r e s  o f  many o f  t h e  En tom oph thora  
r e q u i r e  one y e a r  o f  q u i e s c e n c e  b e f o r e  g e r m i n a t i o n  (MacLeod,  1 963 ) .
I f  t h i s  o b s e r v a t i o n  h o l d s  t r u e  f o r  Ji. CT.) gammae r e s t i n g  s p o r e s  
i t  may o f f e r  an e x p l a n a t i o n  f o r  t h e  f a i l u r e  e n c o u n t e r e d  by th e  
a u t h o r  t o  i n d u c e  g e r m i n a t i o n  o f  s p o r e s  i s o l a t e d  from t h e  soybean  
l o o p e r .
No m o r t a l i t y  was p r o d u c e d  by f e e d i n g  o r  i n j e c t i n g  _P. i n c l u d e n s  
l a r v a e  o f  v a r i o u s  i n s t a r s  w i t h  p r e p a r a t i o n s  o f  r e s t i n g  s p o r e s  and 
c o n i d i a .  L a r v a e  w ere  p l a c e d  i n t o  p e t r i  d i s h e s  c o n t a i n i n g  d i s e a s e d  
s p e c im e n s  o f  t h e  b l a c k  and brown t y p e s  f o r  24 h o u r s .  Some 
l a r v a e  i n g e s t e d  p o r t i o n s  o f  t h e  d i s e a s e d  l o o p e r s .  None o f  t h e  
l a r v a e  showed symptoms o f  f u n g a l  i n f e c t i o n .  H e a l t h y  l a r v a e  were 
fed  soybean  l e a v e s  c o l l e c t e d  from f i e l d s  where  e p i z o o t i c s  were  i n  
p r o g r e s s .  The l a r v a e  d i e d  w i t h i n  one week.  Upon m i c r o s c o p i c  
e x a m i n a t i o n  o f  t h e  l o o p e r s ,  t h e  c a u s e  o f  d e a t h  was a s c r i b e d  to  
v i r a l  r a t h e r  t h a n  f u n g a l  i n f e c t i o n .
A t t e m p t s  by o t h e r  w o r k e r s  to  i n f e c t  l a r v a e  o f  L e p i d o p t e r a  
w i t h  c o n i d i a  from s p o r u l a t i n g  c u l t u r e s  o f  en tomogenous  f u n g i  have  
been  o n ly  m i n i m a l l y  s u c c e s s f u l .  P r o b a b l y  i n f e c t i o n  c o u l d  be 
p ro d u ced  w i t h  g r e a t e r  s u c c e s s  by i n t r a h e m o c o e l i c  i n j e c t i o n  of  
p r o t o p l a s t s  i n t o  h e a l t h y  i n s e c t s  ( T y r r e l l  and MacLeod,  1 9 7 2 ) .
I f  c o n i d i a l  p r o t o p l a s t s  had b een  i n j e c t e d  i n t o  t h e  soybean  l o o p e r ,  
i n f e c t i o n  may have  e n s u e d .
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B. Funga l  i s o l a t e  from d i s e a s e d  l a r v a e  o f  t h e  s oybean  l o o p e r
A f u n g a l  i s o l a t e  from s oybean  l o o p e r s  was o b t a i n e d  from 
t i s s u e  c u l t u r e  e x p e r i m e n t s  i n  which  a n t i b i o t i c - t r e a t e d  r e s t i n g  
s p o r e s  were  added to  a c t i v e l y - g r o w i n g  L c e l l s .  The fungus  had 
f a s t i d i o u s  n u t r i t i o n a l  r e q u i r e m e n t s  f o r  g e r m i n a t i o n  s i n c e  i t  would 
n o t  grow on BHI-10% h o r s e  s e r u m - 0 . 5% b e e f  e x t r a c t  medium. 
G e r m in a t io n  was o b s e r v e d  o n ly  i n  t h e  t i s s u e  c u l t u r e  s y s t e m .
M y c e l i a l  g row th  began  3-4 days  a f t e r  i n o c u l a t i o n  and p r o c e e d e d  
r a p i d l y .  I n  l a t e r  e x p e r i m e n t s ,  hyphae  were  n o t  p r o d u c e d .  I n s t e a d ,  
s p o r e s  gave r i s e  to  y e a s t  which  formed long  c h a i n s  o f  c e l l s  by 
b u d d in g .  Spores  which  gave r i s e  to  t h e  f u n g a l  i s o l a t e  c o u ld  n o t  
be a s c e r t a i n e d  i n  t h e  s t u d i e s  b e c a u s e  a l a r g e  inocu lum  o f  m a t e r i a l  
p r e p a r e d  from d i s e a s e d  l a r v a e  was r e q u i r e d  t o  i n i t i a t e  g e r m i n a t i o n .  
R epea ted  e x p e r i m e n t s  a lways  y i e l d e d  t h i s  f u n g a l  i s o l a t e ,  growing 
e i t h e r  i n  t h e  y e a s t  o r  h y p h a l  p h a s e ,  w i t h  no o t h e r  m i c r o b i a l  
c o n t a m i n a n t s .  A f t e r  g e r m i n a t i o n ,  t h e  fungus  c o u ld  be grown on 
v a r i o u s  media  and was m a i n t a i n e d  by p a s s a g e  on p o t a t o  d e x t r o s e  
a g a r .
C u l t u r e s  o f  t h e  i s o l a t e  were  s e n t  t o  two m y c o l o g i s t s  f o r  
i d e n t i f i c a t i o n .  Dr. H. L. B a r n e t t  (West V i r g i n i a  U n i v e r s i t y )  
d e s c r i b e d  t h e  fungus  as  h a v in g  s p o r u l a t i o n  c h a r a c t e r i s t i c s  much 
l i k e  S p o r o t h r i x , b u t  was s i m i l a r  i n  o t h e r  r e s p e c t s  to  
S c o l e c o b a s i d i u m . Dr. E. G. Simmons (U. S. Army N a t i c k  L a b o r a t o r i e s )  
i d e n t i f i e d  t h e  c u l t u r e  as  a s p e c i e s  o f  R h i n o c l a d i e l l a , some of  
w hich  a r e  human p a t h o g e n s .
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I n f e c t i v i t y  t e s t s  w e re  p e r f o r m e d  to  d e t e r m i n e  t h e  
p a t h o g e n i c i t y  o f  t h e  f u n g u s  t o  IP. i n c l u d e n s . No m o r t a l i t y  was 
o b s e r v e d  i n  any of  t h e  t e s t s .  I t  made no d i f f e r e n c e  w h e t h e r  t h e  
c u l t u r e  was a d m i n i s t e r e d  by f e e d i n g ,  i n j e c t i o n ,  o r  by s p r a y i n g  
i t  o n to  s o y b ean  f o l i a g e  consumed by t h e  l a r v a e .
I I I .  V i r u s e s  i s o l a t e d  f ro m  d i s e a s e d  P s e u d o p l u s i a  i n c l u d e n s  l a r v a e  
V i r a l  p a t h o g e n s  w ere  i s o l a t e d  f ro m  d i s e a s e d  l o o p e r s  c o l l e c t e d  
d u r i n g  th e  1970 and 1971 e p i z o o t i c s .  V ery  few v i r a l  i n c l u s i o n s  
were  e v i d e n t  i n  some s q u a s h  mounts p r e p a r e d  f rom  dead  l a r v a e .  
H e a l t h y  l a r v a e  i n f e c t e d  w i t h  a s u s p e n s i o n  p r e p a r e d  f rom  d ead  
s p ec im en s  d i e d  w i t h i n  one  week and  l i g h t  m i c r o s c o p y  e x a m i n a t i o n  
showed t h e  body c a v i t y  t o  be  f i l l e d  w i t h  p o l y h e d r a .  S in c e  
b a c t e r i a  were  a l s o  p r e s e n t ,  K o c h ' s  p o s t u l a t e s  were  s a t i s f i e d  to  
p ro v e  t h a t  p o l y h e d r a  were  t h e  i n f e c t i o u s  a g e n t s .  V i r i o n s  were  
l i b e r a t e d  f rom  p o l y h e d r a  w i t h  a  s o l u t i o n  o f  sodium c a r b o n a t e  and  
t h e  r e s u l t i n g  s u s p e n s i o n  was f i l t e r e d  t h r o u g h  a M i l l i p o r e  f i l t e r .  
An a l i q u o t  i n o c u l a t e d  on BHI a g a r  showed t h a t  t h e  f i l t r a t e  was 
f r e e  o f  any  m i c r o o r g a n i s m s  t h a t  were  c u l t u r a b l e  on th e  medium. 
H e a l t h y  l a r v a e  w ere  a l l o w e d  to  f e e d  on d i e t  s u r f a c e  w hich  had  
been  i n o c u l a t e d  w i t h  t h e  f i l t r a t e .  A l l  s i x t y  of  t h e  l a r v a e  
d i e d  w i t h i n  a  week.  P o l y h e d r a  were  o b s e r v e d  i n  a l l  s p e c im e n s .
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A. L i g h t  m i c r o s c o p i c  o b s e r v a t i o n s
L o o p e r s  i n f e c t e d  w i t h  b o t h  v i r a l  . i s o l a t e s  were  embedded i n  
p a r a f f i n ,  s e c t i o n e d ,  and  examined by  l i g h t  m i c r o s c o p y .  T i s s u e s  
i n  which  p o l y h e d r a  d e v e l o p e d  were  n o t e d .
Both  v i r a l  i s o l a t e s  p ro v e d  t o  be n u c l e a r  p o l y h e d r o s i s  v i r u s e s ,  
d e v e l o p i n g  i n  c e l l  n u c l e i .  T i s s u e s  i n  w h ich  i n f e c t i o n  p r o g r e s s e d  
were  t h e  same f o r  e a c h  i s o l a t e .  F i g u r e  5 d e p i c t s  u n i n f e c t e d  f a t  
body t i s s u e  i n  w hich  n u c l e i  a r e  s m a l l  and  s p h e r i c a l  i n  s h a p e .  
P o l y h e d r a  d e v e l o p e d  i n  t h e  n u c l e i  o f  f a t  body  ( F i g .  6 ) ,  t r a c h e a l  
m a t r i x  ( F i g .  7 ) ,  e p i d e r m i s  ( F i g .  8 ) ,  and  wing  bud t i s s u e s  ( F i g .  9 ) .  
N u c l e i  of  t h e s e  c e l l s  w ere  i r r e g u l a r  i n  s h a p e ,  e x h i b i t e d  h y p e r t r o p h y ,  
and  were  f i l l e d  w i t h  p o l y h e d r a .  I n f e c t i o n  was n o t  o b s e r v e d  i n  
M a l p i g h i a n  t u b u l e s ,  n u s c l e ,  o r  h e m o c y t e s .  M id - g u t  t i s s u e  c o n t a i n e d  
d a r k - s t a i n i n g  a r e a s  and  was v e r y  g r a n u l a r  i n  a p p e a r a n c e ,  b u t  
p o l y h e d r a l  f o r m a t i o n  was n o t  e v i d e n t .
The h i s t o p a t h o l o g y  of  t h e  v i r a l  i s o l a t e s  of  t h e  so y b e a n  
l o o p e r  i s  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  o t h e r  L e p i d o p t e r o u s  l a r v a e  
(Adams and  W i lco x ,  1968;  H u n te r  and  H a l l ,  1968 ;  M athad ,  
S p l i t t s t o e s s e r ,  and  McEwen, 1968;  S t a i r s ,  1 9 6 8 ) .  P o l y h e d r a  were 
f i r s t  e v i d e n t  a f t e r  3 d ay s  o f  i n f e c t i o n  i n  l a r v a e  f e d  t h e  1970 
i s o l a t e  and  a f t e r  5 d a y s  o f  i n f e c t i o n  i n  l a r v a e  f e d  t h e  1971 
i s o l a t e .  T hese  d i f f e r e n c e s  may r e f l e c t  a  d o s e  r e s p o n s e .
F i g .  5: A s e c t i o n  of  f a t  body t i s s u e  f rom h e a l t h y  l o o p e r s .
N u c l e i  (N) a r e  s m a l l  and  r o u n d .  1050 X

Fig. 6 T i s s u e  s e c t i o n  o f  f a t  body c e l l s  i n f e c t e d  w i t h  t h e  
soybean  l o o p e r  v i r u s .  N u c l e i  (N) a r e  g r e a t l y  
e n l a r g e d  and f i l l e d  w i t h  p o l y h e d r a  ( a r r o w ) .  1050 X

Fig. 7: S e c t i o n  o f  i n f e c t e d  t r a c h e a l  m a t r i x .  P o l y h e d r a  ( a r ro w )  
may be  s e e n  i n  th e  n u c l e i .  U n i n f e c t e d  m u s c le  may be s e e n  
a t  t h e  b o t t o m  of  t h e  m i c r o g r a p h .  1050 X

Fig. 8 S e c t i o n  of  e p i d e r m a l  t i s s u e  e x h i b i t i n g  h y p e r t r o p h i e d  
n u c l e i  f i l l e d  w i t h  p o l y h e d r a .  C u t i c l e  (C) may be  s e e n  
i n  t h e  upper  l e f t - h a n d  c o r n e r  o f  t h e  m i c r o g r a p h .  1050 X

F i g .  9: S e c t i o n  of  i n f e c t e d  c e l l s  o f  d e v e l o p i n g  wing  bud t i s s u e .
P o l y h e d r a  a r e  e v i d e n t  i n  n u c l e i  o f  t h e s e  c e l l s .  1050 X
r
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B. E l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n s
1.  1970 v i r a l  i s o l a t e
V i r a l  i n c l u s i o n  b o d i e s  i s o l a t e d  f rom  d i s e a s e d  l a r v a e  f rom  t h e  
1970 e p i z o o t i c  were  s e d i m e n t e d  by  c e n t r i f u g a t i o n  i n t o  a p e l l e t  
which  was p r e p a r e d  f o r  t h i n  s e c t i o n i n g  and  e l e c t r o n  m i c r o s c o p i c  
e x a m i n a t i o n .  F i g u r e s  10 and 11 show p o l y h e d r a l  i n c l u s i o n  b o d i e s  
( P I B ' s )  w i t h  e n c l o s e d  v i r i o n s  d e m o n s t r a b l e  by t h i s  p r o c e d u r e .  
V i r i o n s  a r e  o f  t h e  s i n g l y - e m b e d d e d  ty p e  (Tompkins ,  Adams, and 
H eim pel ,  1 9 6 9 ) .  H o le s  o b s e r v e d  i n  t h e  p o l y h e d r o n  i n  F i g .  11 
i n d i c a t e  p a r t i a l  d e g r a d a t i o n  of  t h e  p o l y h e d r a l  p r o t e i n .  One- 
h u n d re d  P I B ' s  w ere  m e asu re d  by l i g h t  m i c r o s c o p y  u s i n g  a f i l a r  
o c u l a r  m i c r o m e t e r  and  a n  a v e r a g e  s i z e  o f  0 . 9 5  u p e r  p o l y h e d ro n  
was o b t a i n e d .  V i r i o n s  m easu red  f rom  t h i n  s e c t i o n e d  p o l y h e d r a  
a v e r a g e d  200 mu x 32 mu.
C arbon  r e p l i c a s  o f  t h e  v i r a l  i s o l a t e  showed p o l y h e d r a  w i t h  
s e v e r . i l  t y p e s  o f  s u r f a c e  c h a r a c t e r i s t i c s .  Some p o l y h e d r a  
p r e s e n t e d  a  f a i r l y  smooth  s u r f a c e  ( P l a t e  1 ,  F i g .  1 and 3 ) ;  
o t h e r s  w ere  ro u g h  and composed o f  s e v e r a l  l a y e r s  ( P l a t e  1 ,
F i g .  2 ,  3,  and  4 ) .  V i r i o n s  e v i d e n t  on t h e  s u r f a c e  o f  some 
p o l y h e d r a  a p p e a r e d  t o  be  i n s e r t e d  random ly  i n t o  t h e  p r o t e i n  
m a x t r i x  i n  v a r i o u s  o r i e n t a t i o n s  ( P l a t e  1 ,  F i g .  2 ,  3 ,  and 4 ) .
N u c l e a r  p o l y h e d r o s i s  v i r u s e s  h ave  b e e n  shown to  i n f e c t  
m i d - g u t  c e l l s  w i t h o u t  p o l y h e d r a l  f o r m a t i o n  (Cunningham, 1 9 7 1 ) .  
V i r i o n s  a r e  r e l e a s e d  f rom t h e  p o l y h e d r a l  m a t r i x  by t h e  a l k a l i n i t y
F i g .  10: E l e c t r o n  m i c r o g r a p h  o f  a  t h i n  s e c t i o n  p r e p a r e d  f rom a
p e l l e t  o f  t h e  1970 v i r a l  i s o l a t e .  V i r i o n s  (V) may be  
o b s e r v e d  w i t h i n  t h e  p o l y h e d r a l  m a t r i x  ( P ) . C o n t a m i n a t i n g  
b a c t e r i a  (B) may be  s e e n  i n  th e  m i c r o g r a p h .  80 ,5 0 0  X

F i g .  11: E l e c t r o n  m i c r o g r a p h  of  a  t h i n  s e c t i o n  p r e p a r e d  f rom  a
p e l l e t  o f  t h e  1970 v i r a l  i s o l a t e .  A f r e e  v i r i o n  (FV) 
may be s e e n  a s  w e l l  a s  v i r i o n s  o c c l u d e d  i n t o  t h e  
p o l y h e d r o n .  H o le s  i n  t h e  p o l y h e d r a l  m a t r i x  ( a r row )  
i n d i c a t e  p a r t i a l  d e g r a d a t i o n  o f  t h e  p o l y h e d r o n .  B a c t e r i a  
(B) may be s e e n .  73 ,180  X
\
7
P l a t e  1: E l e c t r o n  m i c r o g r a p h s  o f  c a r b o n  r e p l i c a s  o f  t h e  1970
v i r a l  i s o l a t e .  S u r f a c e  c h a r a c t e r i s t i c s  o f  t h e  p o l y h e d r a  
a r e  v a r i e d .  V i r i o n s  may be o b s e r v e d  on t h e  s u r f a c e  o f  
some p o l y h e d r a .
F i g .  1: 35 ,000  X
F i g .  2: 2 7 ,5 0 0  X
F i g .  3: 33 ,0 0 0  X
F i g .  4: 30 ,000  X
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o f  t h e  i n s e c t  g u t .  I t  i s  t h o u g h t  t h a t  t h e y  t r a v e r s e  t h e  g u t  
e p i t h e l i u m  and  m u l t i p l y  i n  t h e  n u c l e i  o f  g u t  c e l l s .  Newly formed 
v i r i o n s  a r e  r e l e a s e d  i n t o  t h e  hem ocoe l  o r  e x t r a c e l l u l a r  s p a c e s  
( H a r r a p ,  1970;  Summers, 1971) and  t r a v e l  to  t h e  t a r g e t  t i s s u e s  i n  
w h ich  t h e y  r e p l i c a t e  and  p r o d u c e  p o l y h e d r a .  L a r v a e  i n f e c t e d  w i t h  
t h e  1970 i s o l a t e  showed v i r i o n s  i n  g u t  c e l l s  w i t h i n  60 h o u r s  
a f t e r  i n f e c t i o n .  P l a t e  2 r e p r e s e n t s  s e v e r a l  s t a g e s  of  v i r u s  
r e p l i c a t i o n  i n  m i d - g u t  n u c l e i .  V i r i o n s  w i t h o u t  e n v e l o p e s  
( B e r g o l d ,  1958) may be s e e n  i n  F i g u r e  1 o f  t h i s  p l a t e .  F i g u r e s  
2 and  3 show v i r u s  p a r t i c l e s  s u r r o u n d e d  by i n t i m a t e  and o u t e r  
membranes .  One o f  t h e  v i r i o n s  i n  F i g .  4 i s  i n  t h e  p r o c e s s  o f  
a c q u i r i n g  t h e  o u t e r  o r  d e v e l o p m e n t a l  membrane ( B e r g o l d ,  1 9 5 8 ) .
An e x t e n s i v e  n e t w o r k  o f  r o u g h  e n d o p l a s m ic  r e t i c u l u m  may be  s e e n  
v e r y  n e a r  t h e  n u c l e a r  membrane ( P l a t e  2 ,  F i g .  1 ) .  E ndop lasm ic  
r e t i c u l u m  was o f t e n  o b s e r v e d  c l o s e  t o  t h e  n u c l e a r  membrane of  
i n f e c t e d  c e l l s ,  w h i l e  a  s i m i l a r  o b s e r v a t i o n  was n a t  made upon 
e x a m i n a t i o n  o f  u n i n f e c t e d  c e l l s .  Empty membrane v e s i c l e s  i n  
F i g .  2 ,  3,  and  4 ( P l a t e  2) p r o b a b l y  r e p r e s e n t  a n  e x c e s s  of  
membrane f r a g m e n t s  p ro d u c e d  d u r i n g  t h e  i n f e c t i o n  p r o c e s s .
P l a t e s  3 a n d  4 a r e  m i c r o g r a p h s  o f  g u t  n u c l e i  a t  72 h o u r s  
p o s t - i n f e c t i o n .  Forms s e e n  i n  P l a t e  3 ( F i g .  1 and  2) and P l a t e  
4 ( F i g .  1) p r o b a b l y  r e p r e s e n t  a b e r r a n t  v i r i o n s .  None o f  t h e  
s t r u c t u r e s  h ave  a c q u i r e d  membranes .  I t  h a s  b e e n  s u g g e s t e d  by 
H a r r a p  (1970) t h a t  v i r i o n s  w i t h o u t  e n v e l o p e s  a r e  i n c a p a b l e  o f
P l a t e  2: E l e c t r o n  m i c r o g r a p h s  o f  a  t h i n  s e c t i o n s  showing  v i r i o n s
i n  g u t  c e l l s  a t  60 h o u r s  p o s t - i n f e c t i o n .
F i g .  1: V i r i o n s  (V) w i t h o u t  e n v e l o p e s .  Rough e n d o p l a s m ic
r e t i c u l u m  (RER) may be  s e e n  a t  t h e  n u c l e a r  membrane (NM). 
31 ,470  X
F i g .  2:  V i r i o n s  w i t h  a c o m p le t e  complement o f  membranes
(EV). Empty membrane v e s i c l e s  (MV) may be  s e e n .  35 ,000  X
F i g .  3: E n v e lo p e d  v i r i o n s  and  empty membrane v e s i c l e s  may
be o b s e r v e d .  35 ,480  X
F i g .  4:  A v i r i o n  may be s e e n  i n  t h e  p r o c e s s  o f  a c q u i r i n g
an  o u t e r  membrane ( a r r o w ) .  36 ,670  X

P l a t e  3: E l e c t r o n  m i c r o g r a p h s  o f  t h i n  s e c t i o n s  o f  n u c l e i  o f  m id ­
g u t  c e l l s  72 h o u r s  p o s t - i n f e c t i o n .
F i g .  1: A b e r r a n t  v i r i o n  s t r u c t u r e s  (AV) may be s e e n .
4 4 ,0 0 0  X
F i g .  2: A b e r r a n t  v i r i o n  s t r u c t u r e s  (AV). a  m a t r i x
s i m i l a r  t o  a  p o l y h e d r o n  w i t h o u t  v i r a l  i n c l u s i o n s  may 
be s e e n  ( a r r o w ) .  4 2 , 4 3 0  X
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P l a t e  4: E l e c t r o n  m ic ro g ra p h s  o f  t h i n  s e c t i o n s  o f  n u c l e i  o f
m id -g u t  c e l l s  72 h o u r s  p o s t - i n f e c t i o n s .
F i g .  1: A b e r r a n t  v i r i o n  s t r u c t u r e s  (AV) may be s e e n
w i t h i n  th e  n u c l e a r  membrane (NM). 3 9 ,650  X
F i g .  2: Empty membrane v e s i c l e s  (MV) and  a n  u n e v e lo p e d
v i r i o n  (V) may be s e e n .  An a r ro w  p o i n t s  t o  a  s t r u c t u r e  
w hich  may r e p r e s e n t  i n i t i a t i o n  o f  a  p o l y h e d r a l  m a t r i x .  
4 4 ,6 9 0  X
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i n f e c t i n g  c e l l s .  E nve loped  v i r u s  p a r t i c l e s  n o n -o c c lu d e d  i n  
p o ly h e d ra  s p r e a d  i n f e c t i o n  to  o t h e r  t i s s u e s  ( H a r r a p ,  1 9 7 0 ) .  
S p h e r i c a l  membrane s t r u c t u r e s  c a n  be s e e n  i n  P l a t e  3 ( F ig .  1) 
and  P l a t e  4 ( F i g .  2 ) .  S t r u c t u r e s  i n  P l a t e  3 ( F i g .  2) and  P l a t e  4 
( F ig .  2) may r e p r e s e n t  a b o r t i v e  a t t e m p t s  t o  fo rm  p o l y h e d r a l  
m a t r i c e s  i n  th e  n u c l e i .  M i to c h o n d r ia  and  ro u g h  e n d o p la sm ic  
r e t i c u l u m  a r e  i n  c l o s e  p r o x i m i t y  to  t h e  n u c e l a r  membrane 
( P l a t e  4 ,  F i g .  1 ) .
I n f e c t i o n  o f  f a t  body c e l l s  w i th  v i r u s  o f  th e  so y b ean  l o o p e r  
p r o c e e d s  i n  a  f a s h i o n  t y p i c a l  o f  o t h e r  n u c l e a r  p o l y h e d r o s i s  v i r u s e s  
(Adams and  W ilco x ,  1968; B ird  and  W halen, 1954; Tom pkins, Adams, 
and  Hempel, 1 9 6 9 ) .  Naked v i r i o n s  a r e  fo rm ed  from  v i r o g e n i c  s t ro m a  
(Cunningham , 1 9 7 1 ) .  V i r i o n s  o f  t h e  so y b e a n  l o o p e r  v i r u s  a r e  
p ro d u c e d  i n  a s i m i l a r  manner ( F i g .  1 2 ) .  The mechanism  o f  membrane 
f o r m a t io n  a ro u n d  v i r i o n s  i s  n o t  known. Summers (1971) s u g g e s t e d  
t h a t  v i r i o n s  may a c q u i r e  membranes from  i n f o l d i n g s  o f  th e  n u c l e a r  
membrane o r  a s  th e  p a r t i c l e s  t r a v e r s e  o t h e r  c e l l u l a r  m em branes. 
P o ly h e d r a l  f o r m a t io n  p ro c e e d s  a s  v i r u s  p a r t i c l e s  c o a l e s c e  w i th  a 
p r o t e i n  m a t r i x  and th e  p r o c e s s  was o b s e r v e d  w i th  th e  so y b e a n  
lo o p e r  v i r u s  ( F ig .  1 3 ) .  Summers and  A r n o t t  (1969) h y p o th e s i z e d  
t h a t  v i r i o n s  m ust hav e  a  s m a l l  am ount o f  p o l y h e d r a l  p r o t e i n  
s u r r o u n d in g  them p r i o r  t o  p o l y h e d r a l  o c c l u s i o n .  V i r u s  p a r t i c l e s  
l a c k i n g  th e  p r o t e i n  a r e  n e v e r  o c c l u d e d .
F ig .  12: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  show ing  v i r i o n
f o r m a t io n  from  v i r o g e n i c  s t ro m a  (V S). Some v i r i o n s  
w i t h o u t  e n v e lo p e s  a r e  i n  c l o s e  p r o x i m i t y  t o  th e  n u c l e a r  
membrane (NM). 5 7 ,5 0 0  X
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F ig .  13: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  show ing p o ly h e d r a l
f o r m a t io n  i n  th e  n u c l e u s  o f  a  f a t  body c e l l .  V i r i o n s  w i th  
a f u l l  com plem ent o f  membranes may b e  s e e n  c o a l e s c i n g  w i th  
p o l y h e d r a l  p r o t e i n .  6 0 ,3 8 0  X
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The m orphology  o f  t h e  1970 I s o l a t e  was s t r i k i n g l y  d i f f e r e n t  
i n  th e  n u c l e i  o f  th e  t r a c h e a l  m a t r i x  f ro m  w hat was o b s e rv e d  in  f a t  
body c e l l s .  P o ly h e d ra  w ere  s u r ro u n d e d  by a  m e m b ra n e - l ik e  
s t r u c t u r e  and  some had d a r k  s t a i n i n g  c e n t e r s  ( F i g .  14 and 1 6 ) .  
Membrane p r o f i l e s  h a v e  b een  o b s e rv e d  i n  n u c l e i  o f  t r a c h e o l e  c e l l s  
o f  th e  cab b a g e  lo o p e r  i n f e c t e d  w i t h  a n  NPV (Summers and A r n o t t ,  
1 9 6 9 ) .  Membrane p r o f i l e s  d e s c r i b e d  by t h e s e  a u t h o r s  w ere 
a s s o c i a t e d  w i th  f i b r o u s  m a t e r i a l  w h ich  a p p e a re d  to  r e p r e s e n t  
i n i t i a l  s t a g e s  o f  p o l y h e d r a l  f o r m a t i o n .  M atu re  p o ly h e d ra  w ere 
o n ly  p a r t i a l l y  e n c l o s e d  i n  mem branes. T h is  o b s e r v a t i o n  i s  i n  
c o n t r a s t  w i th  p o ly h e d ra  o b s e rv e d  i n  t r a c h e a l  c e l l s  o f  th e  so y b ean  
l o o p e r  w h ich  w ere  e n t i r e l y  s u r ro u n d e d  by membranes ( F ig .  1 4 ) .  
F ib r o u s  m a t e r i a l  was o b s e rv e d  a l s o  i n  t r a c h e a l  c e l l s  from  th e  
so y b ean  lo o p e r  i n f e c t e d  w i th  t h e  1970 i s o l a t e  ( F i g .  1 5 ) .
D ark s t a i n i n g  c e n t e r s  o f  some p o ly h e d ra  fro m  t r a c h e a l  c e l l s  
o f  th e  lo o p e r  w ere i r r e g u l a r  and  v a r i e d  c o n s i d e r a b l y  i n  d e t a i l  
( F ig .  1 6 ) .  The s i g n i f i c a n c e  o f  t h e  o b s e rv e d  v a r i a t i o n  and  
i r r e g u l a r i t y  i s  n o t  c l e a r .  S t a i n i n g  w i th  1% u r a n y l  a c e t a t e  
(aq u eo u s)  i n s t e a d  o f  1% u r a n y l  a c e t a t e  ( a l c o h o l i c )  was s u g g e s te d  
by M. D. Summers ( p e r s o n a l  co m m u n ica tio n )  d id  n o t  r e s o l v e  th e  
s i t u a t i o n .  I t  i s  a p p a r e n t  t h a t  one o f  t h e  s t a i n i n g  r e a g e n t s  
com plexed  w i th  some o f  t h e  p o ly h e d ra  i n  an  u n u s u a l  m anner.  T h is  
ty p e  o f  o b s e r v a t i o n  h a s  n o t  b een  r e p o r t e d  p r e v i o u s l y .  The
F i g .  14: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  show ing  p o ly h e d ra
i n  th e  n u c l e u s  o f  a  t r a c h e a l  c e l l .  Membranes s u r ro u n d  
th e  p o ly h e d ra  w hich  e x h i b i t  d a rk  s t a i n i n g  c e n t e r s .  Non­
o c c lu d e d  lo n g  v i r u s  r o d s  may be s e e n .  6 7 ,7 0 0  X

F i g .  15: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  show ing  f i b r o u s
m a t e r i a l  o b s e rv e d  i n  th e  n u c l e u s  o f  an  i n f e c t e d  t r a c h e a l  
c e l l .  Such s t r u c t u r e s  may r e p r e s e n t  i n i t i a l  s t a g e s  o f  
p o l y h e d r a l  f o r m a t i o n .  4 6 ,4 3 3  X

F i g .  16: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  show ing  p o ly h e d ra
fo u n d  i n  i n f e c t e d  t r a c h e a l  m a t r i x .  D ark  s t a i n i n g  c e n t e r s  
a r e  i r r e g u l a r  and  v a r y  i n  d e t a i l  f ro m  one p o ly h e d ro n  t o  
a n o t h e r .  V i r u s  r o d s  may b e  s e e n  i n  a s s o c i a t i o n  w i th  
v i r o g e n i c  s t ro m a  (V S). 1 2 ,0 0 0  X
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s t a i n i n g  i s  d i f f e r e n t i a l ,  i n  t h a t  t h e  m a j o r i t y  o f  p o ly h e d ra  may 
be  d a r k l y  s t a i n e d  i n  one n u c l e u s  and  a d j a c e n t  n u c l e i  ( i n  th e  same 
f i e l d )  hav e  no p o ly h e d ra  of t h i s  t y p e .
Long r o d s  w ere  a s s o c i a t e d  w i th  p o l y h e d r a l  d ev e lo p m en t i n  
t r a c h e a l  c e l l s  o f  t h e  l o o p e r  ( F i g .  1 4 ) .  L i v i n g s t o n  and Y e a r ia n  
(1972) r e p o r t e d  s i m i l a r  s t r u c t u r e s  i n  f a t  body n u c l e i  o f  ]?. 
i n c l u d e n s , b u t  o f f e r e d  no e x p l a n a t i o n  f o r  t h e i r  p r e s e n c e .  In  
th e  p r e s e n t  s tu d y  th e s e  r o d s  w ere  o b s e r v e d  o n ly  i n  n u c l e i  o f  th e  
t r a c h e a l  m a t r i x .  Such r o d s  a r e  known to  be a s s o c i a t e d  w i th  
i n s e c t  g r a n u l o s i s  d i s e a s e s .  Sm ith  and  Brown (1965) s t u d i e d  th e  
r o d s  i n  f a t  body  n u c l e i  i n f e c t e d  w i th  g r a n u l o s i s  v i r u s  and  in  
n e g a t i v e l y  s t a i n e d  p r e p a r a t i o n s  from  d i s e a s e d  cab b a g e  l o o p e r s .
They s u g g e s t e d  t h a t  t h e s e  s t r u c t u r e s  may r e p r e s e n t  an  a l t e r n a t e  
r e p l i c a t i v e  m echanism  i n  w h ich  lo n g  r o d s  b r e a k  i n t o  s h o r t e r  
l e n g t h s  w hich  a r e  t h e n  embedded i n t o  th e  p r o t e i n  c r y s t a l .
B ra n c h in g  o f  th e  ro d s  was o b s e rv e d  i n  g r a n u l o s e s - i n f e c t e d  c e l l s .
The a u t h o r s  s u g g e s t e d  t h i s  m ig h t  r e p r e s e n t  an  i r r e g u l a r  d i s t u r b a n c e  
o f  t h e  r e p l i c a t i n g  m echanism , c a u s in g  d i s l o c a t i o n s  to  o c c u r  i n  th e  
c o r e  o r  c a u s i n g  o v e r p r o d u c t io n  o f  p r o t e i n  o r  t h e  i n c l u s i o n  o f  
ab n o rm a l  o r  f o r e i g n  m a c ro m o le c u le s .  I n  th e  p r e s e n t  work b r a n c h in g  
o f  th e  ro d s  was n o t  o b s e rv e d  i n  n u c l e i  o f  i n f e c t e d  c e l l s  o f  th e  
s o y b ean  l o o p e r .  W hether o r  n o t  th e  r o d s  o b s e rv e d  i n  t h e  l o o p e r  a r e  
s i m i l a r  i n  n a t u r e  to  th o s e  a s s o c i a t e d  w i th  g r a n u l o s e s  i s  
s p e c u l a t i v e .
66
2 . 1971 v i r a l  i s o l a t e
The NPV i s o l a t e d  d u r i n g  th e  1971 e p i z o o t i c  was fo u n d  to  be 
s i m i l a r  i n  many r e s p e c t s  t o  t h e  1970 i s o l a t e .  M easurem en ts  o f  
100 p o ly h e d ra  by l i g h t  m ic ro s c o p y  r e v e a l e d  a n  a v e r a g e  d ia m e te r  of 
0 .9 9  u w i th  a r a n g e  o f  0 .5 6  u t o  1 .5 8  u .
P e l l e t s  o f  v i r u s  w ere  o b t a i n e d  i n  a  s i m i l a r  manner a s  
d e s c r i b e d  f o r  t h e  1970 i s o l a t e .  T h in  s e c t i o n s  r e v e a l e d  some 
o d d ly - s h a p e d  i n c l u s i o n  b o d i e s ,  many h a v in g  d a rk e n e d  c e n t e r s  
( F i g .  1 7 ) .  O th e r  p o ly h e d ra  w ere  t y p i c a l  o f  th e  1970 i s o l a t e .
V i r i o n s  w ere  n o t  o b s e r v e d  i n  m id -g u t  t i s s u e  a l t h o u g h  many 
t h i n  s e c t i o n s  w ere  ex am in ed .  A f t e r  132 h o u r s  o f  i n f e c t i o n  an  
e x t e n s i v e  n e tw o rk  o f  e n d o p la s m ic  r e t i c u l u m  was o b s e r v e d  i n  c l o s e  
p r o x im i ty  to  t h e  n u c l e a r  membrane i n  m id -g u t  c e l l s  ( F i g .  1 8 ) .
Gut t i s s u e s  w ere  p r o b a b ly  i n f e c t e d  by t h e  v i r a l  i s o l a t e  even  
though  v i r i o n s  w ere  n o t  o b s e r v e d .  A v e r y  l a r g e  does  o f  v i r u s  
m ust be  g iv e n  to  i n s e c t s  t o  o b s e r v e  g u t  i n f e c t i o n  by e l e c t r o n  
m ic ro sc o p y  (C unningham , 1971) .
F a t  body was a  p r im a ry  t a r g e t  t i s s u e  f o r  v i r a l  r e p l i c a t i o n  
and  i n c l u s i o n  body f o r m a t i o n .  C h ro m a tin  m a t e r i a l  was a r r a n g e d  in  
d i s c r e t e  c lum ps p r i o r  to  v i r u s  p r o d u c t i o n .  V i r i o n s  w ere  form ed 
from  v i r o g e n i c  s tro m a  ( F i g .  1 9 ) .  A f t e r  a c q u i r i n g  th e  f u l l  
com plem ent o f  m em branes, v i r u s  p a r t i c l e s  w ere o c c lu d e d  i n t o  
p o ly h e d r a l  m a t r i c e s  ( F i g .  2 0 ) .  P o ly h e d ra  i n  F i g .  21 a p p e a re d  
a t y p i c a l l y  s m a l l  and o n ly  a few m a tu re  p o ly h e d ra  w ere o b s e rv e d
F ig .  17: E l e c t r o n  m ic ro g ra p h  o f  a t h i n  s e c t i o n  o f  a p e l l e t  o f  
th e  1971 v i r a l  i s o l a t e .  Some p o lv h e d ra  have  d a rk  
s t a i n i n g  c e n t e r s .  P a r t i a l  d e g r a d a t i o n  i s  e v i d e n t  
i n  one o f  th e  p o ly h e d ra  ( a r r o w ) .  5 6 ,9 0 0  X

F i g .  18: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  o f  a m id -g u t  c e l l s
132 h o u r s  p o s t - i n f e c t i o n .  An e x t e n s i v e  n e tw o rk  o f  
e n d o p la sm ic  r e t i c u l u m  (ER) i s  i n  c l o s e  p r o x im i ty  to  th e  
n u c l e a r  membrane (NM). A m i to c h o n d r io n  (M) i s  a s s o c i a t e d  
w i th  th e  e n d o p la sm ic  r e t i c u l u m .  7 1 ,3 0 0  X
i » * > - •  ‘ - . t  ■ * . ’■ * .  1
I
a V ~ ?  r& , »'
«n; X
. .  . >* V " * *
C  * . •  '*• sr- • ^
; «;>. > ;  '* :%- v ^
l . In*st * •*' • . . .  - . ". »• ^
F ig .  19: E l e c t r o n  m ic ro g ra p h  o f  a t h i n  s e c t i o n  o f  a f a t  body c e l l
show ing  v i r i o n  f o r m a t io n  from  v i r o g e n i c  s tro m a  (VS). 
4 4 ,0 0 0  X
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F ig .  20: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  o f  a  f a t  body c e l l
show ing th e  p r o c e s s  o f  v i r a l  o c c l u s i o n .  V i r i o n s  may be 
se e n  a s s o c i a t e d  w i th  v i r o g e n i c  s t ro m a  (V S). 6 1 ,0 0 0  X

F ig .  21: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  show ing p o ly h e d ra
w i t h i n  th e  n u c l e u s  o f  a f a t  body c e l l .  P o ly h e d ra  a r e  
a t y p i c a l l y  s m a l l  w i th  few v i r a l  o c c l u s i o n s .  Membrane 
v e s i c l e s  (MV) a r e  e v i d e n t .  2 5 ,7 8 0  X
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w i t h i n  th e  n u c l e u s .  T h is  was i n  c o n t r a s t  w i th  th e  m a j o r i t y  o f  
i n f e c t e d  c e l l s  ( F ig .  2 2 ) .  T h is  o b s e r v a t i o n  m ig h t  r e p r e s e n t  an  
a b o r t i v e  i n f e c t i o n  o r  m ig h t  i n d i c a t e  t h a t  t h e r e  a r e  two d i f f e r e n t  
NPV's i n f e c t i n g  th e  same t i s s u e .
T r a c h e a l  i n f e c t i o n  was s i m i l a r  to  th e  p a t t e r  o b s e r v e d  w i th  
t h e  1970 i s o l a t e .  I n c l u s i o n  b o d ie s  w ere  s u r ro u n d e d  by membranes 
and d a r k  c e n t e r e d  p o ly h e d ra  w ere  e v i d e n t  ( F i g .  23 an d  2 4 ) .
From e l e c t r o n  m i c r o s c o p ic  e x a m in a t io n  o f  t i s s u e s  i n f e c t e d  
w i th  e i t h e r  v i r a l  i s o l a t e ,  i t  was n o t  c l e a r  w h e th e r  o r  n o t  th e  
i s o l a t e s  r e p r e s e n t e d  (1) th e  same v i r u s ,  (2) d i f f e r e n t  v i r u s e s ,  
o r  w h e th e r  (3) b o th  i s o l a t e s  c o n t a i n e d  two N PV 's, one w i th  a 
t r o p i s m  f o r  th e  t r a c h e a l  m a t r i x ,  th e  o t h e r  w i th  a t r o p i s m  f o r  f a t  
body t i s s u e .  No r e p o r t s  have  d e s c r i b e d  n u c l e a r  p o l y h e d r o s i s  v i r u s e s  
e x h i b i t i n g  d i f f e r e n t  c h a r a c t e r i s t i c s  i n  v a r i o u s  t i s s u e s .  The o n ly  
r e c o g n i z e d  s t r a i n s  o f  i n s e c t  v i r u s e s  a r e  t h o s e  w h ich  have  
d i f f e r e n t  i n c l u s i o n  body s h a p e s  (Cunningham , 1 9 7 0 ^ ) .
H eim pel and Adams (1966) d e s c r i b e d  a  m ixed  i n f e c t i o n  o f  
c a b b a g e  l o o p e r s  w i th  two N PV 's. P o ly h e d ra  o f  one i s o l a t e  
d e v e lo p e d  i n  n u c l e i  o f  g u t  co lum nar c e l l s  w h i le  t h e  o t h e r  i s o l a t e  
d id  n o t .  The mixed i n f e c t i o n  was o b s e rv e d  i n  l a r v a e  c o l l e c t e d  
f ro m  New York S t a t e ,  C a l i f o r n i a ,  S ou th  C a r o l i n a ,  T e x a s ,  and  
V i r g i n i a .  Many L e p i d o p te r a  a r e  i n f e c t e d  w i th  s e v e r a l  ty p e s  o f  
v i r u s e s  s i m u l t a n e o u s l y  ( I g n o f f o ,  1968 ; Lowe and P a s c h k e ,  1 9 6 8 ) .  A 
m ix tu r e  o f  v i r u s e s  may a c t  s y n e r g i s t i c a l l y , a n t a g o n i s t i c a l l y ,  o r
F ig .  22: E l e c t r o n  m ic ro g ra p h  o f  a  t h i n  s e c t i o n  o f  a  f a t  body
n u c l e u s  show ing t y p i c a l  p o l y h e d r a .  32 ,514  X

F i g .  23: E l e c t r o n  m i c r o g r a p h  o f  a  t h i n  s e c t i o n  showing p o l y h e d r a
formed  w i t h i n  t h e  n u c l e u s  o f  a  t r a c h e a l  c e l l .  Membranes 
s u r r o u n d i n g  t h e  p o l y h e d r a  a r e  p r o m i n e n t .  5 5 ,0 0 0  X
* - V
F i g .  24: E l e c t r o n  m i c r o g r a p h  o f  a  t h i n  s e c t i o n  showing p o l y h e d r a
formed w i t h i n  t h e  n u c l e u s  of  a  t r a c h e a l  c e l l .  Some P I B ' s  
have  d a r k e n e d  c e n t e r s .  N o n -o c c lu d e d  v i r u s  r o d s  may be 
o b s e r v e d .  1 7 ,3 3 3  X
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w i t h o u t  i n t e r a c t i o n  to  c a u s e  d e a t h  o f  t h e  i n s e c t  (Lowe and 
P a s c h k e ,  1968;  S t a i r s ,  1 9 6 8 ) .  The v i r u s e s  r e a c t  w i t h  eac h  o t h e r  
a t  t h e  c e l l u l a r  l e v e l  so  t h a t  a d j a c e n t  n u c l e i  may be  i n f e c t e d  w i t h  
d i f f e r e n t  v i r u s e s .  E i t h e r  v i r u s  c a n  occupy  a l l  s u s c e p t i b l e  s i t e s  
i f  g i v e n  a t e m p o r a l  a d v a n t a g e ,  b u t  d o u b le  i n f e c t i o n  i n  a s i n g l e  
c e l l  h a s  n e v e r  b e e n  o b s e r v e d  (Lowe and P a s c h k e ,  1968;  S t a i r s ,  1 9 6 8 ) .
C. D e m o n s t r a t i o n  o f  a n t i b a c t e r i a l  s u b s t a n c e s  i n  hemolymph o f  
d i e t - r e a r e d  P s e u d o p l u s i a  i n c l u d e n s  l a r v a e
F o rm a ld e h y d e ,  s o r b i c  a c i d ,  and  m e t h y l p a r a h y d r o x y b e n z o a t e  a r e  
i n c o r p o r a t e d  i n t o  t h e  p i n t o  b e a n  d i e t  o f  B u r to n  (1969)  to  p r e v e n t  
g row th  o f  f u n g i  and b a c t e r i a .  I t  was assumed by th e  a u t h o r  t h a t  
t h e s e  c h e m i c a l s  were  p r e s e n t  i n  hemolymph f rom  l a r v a e  r e a r e d  on 
d i e t  and would  i n t e r f e r e  w i t h  a t t e m p t s  t o  i n f e c t  l a r v a e  w i t h  
m i c r o b i a l  p a t h o g e n s .  The f o l l o w i n g  e x p e r i m e n t  was p e r f o r m e d  to  
t e s t  t h i s  h y p o t h e s i s .
F i l t e r  p a p e r  d i s c s  were  s a t u r a t e d  w i t h  hemolymph c o l l e c t e d  
f ro m  d i e t - r e a r e d  l a r v a e .  D i s c s  were  p l a c e d  on a g a r  medium i n  
p e t r i  p l a t e s  h e a v i l y  i n o c u l a t e d  w i t h  b a c t e r i a .  Zones of  
i n h i b i t i o n  were  m e asu re d  a f t e r  24 h o u r s  o f  i n c u b a t i o n .  Hemolymph 
was c o l l e c t e d  f rom l a r v a e  f e e d i n g  on s o y b ean  l e a v e s  f o r  24 h o u r s  
a f t e r  re m o v a l  f ro m  d i e t  and  t e s t e d  i n  a s i m i l a r  manner .  Zones 
of  i n h i b i t i o n  were  o b s e r v e d  a r o u n d  hemolymph o f  l o o p e r s  f e e d i n g  on 
d i e t .  Zones o f  i n h i b i t i o n  a ro u n d  S t r e p t o c o c c u s  f a e c a l i s  and
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S t a p h y l o c o c c u s  a u r e u s  w ere  13 mm and  15 mm i n  d i a m e t e r ,  r e s p e c t i v e l y .  
Pseudomonas  g r a v e o l e n s  and E s c h e r i c h i a  c o l i  w ere  l e s s  s u s c e p t i b l e  
t o  t h e  a n t i b a c t e r i a l  s u b s t a n c e s ,  w i t h  zones  o f  i n h i b i t i o n  m e a s u r i n g  
9 mm e a c h .  No i n h i b i t i o n  o f  B a c i l l u s  c e r e u s  was o b s e r v e d .  These  
o b s e r v a t i o n s  h e l p  t o  e x p l a i n  why so  few b a c t e r i a  were  i s o l a t e d  
f rom m i d - g u t  t i s s u e s  o f  l a r v a e  r e a r e d  on d i e t  ( R e s u l t s  and 
D i s c u s s i o n ,  p a r t  I ) . Hemolymph f rom  l a r v a e  t a k e n  from 
a r t i f i c i a l  d i e t  and  f e d  s o y b ean  l e a v e s  f o r  24 h o u r s  d i d  n o t  
c o n t a i n  t h e  a n t i b a c t e r i a l  s u b s t a n c e s .  Enhanced  g row th  was 
o b s e r v e d  a ro u n d  t h e  hem olym ph-coa ted  d i s c s ,  no d o u b t  due to  
n u t r i e n t s  p r e s e n t  i n  t h e  hemolymph. I t  a p p e a r e d  t h a t  l a r v a e  
r a p i d l y  e x c r e t e d  o r  d e s t r o y e d  t h e  a n t i b a c t e r i a l  s u b s t a n c e s  which  
were  i n g e s t e d  w i t h  th e  a r t i f i c i a l  d i e t .
F o r  LD d e t e r m i n a t i o n s  o f  t h e  v i r a l  i s o l a t e s  l a r v a e  were  
50
removed f rom  d i e t  c o n t a i n i n g  f o r m a l d e h y d e ,  s o r b i c  a c i d ,  and 
m e t h y l p a r a h y d r o x y b e n z o a t e  f o r  a t  l e a s t  24 h o u r s  p r i o r  t o  
e x p e r i m e n t a t i o n  and  p l a c e d  on t h e  same d i e t  w i t h o u t  t h e  a n t i m i c r o b i a l  
s u b s t a n c e s .  V i r a l  a c t i v i t y  can  be 3-4 t i m e s  lo w er  when p l a c e d  on 
f r e s h l y - m a d e  d i e t  w i t h  f o rm a ld e h y d e  t h a n  on d i e t  w i t h o u t  
f o rm a l d e h y d e  ( I g n o f f o  and  G a r c i a ,  1968;  D a v i d ,  E l l a b y ,  and 
T a y l o r ,  1 9 7 2 ) .
D. I n f e c t i v i t y  t e s t s
LD d e t e r m i n a t i o n s  were  p e r f o r m e d  to  a s s e s s  t h e  i n f e c t i v i t y  
50
o f  t h e  v i r a l  i s o l a t e s  f o r  l o o p e r s  of  v a r i o u s  i n s t a r s .  T he re  a r e
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many methods  o f  d e t e r m i n i n g  LD^q ' s w i t h  i n c l u s i o n  body v i r u s e s ,  
mos t  o f  w h ich  i n v o l v e  t h e  a d d i t i o n  o f  v i r u s  t o  d i e t  upon w hich  
t e s t  l a r v a e  a r e  r e a r e d  ( I g n o f f o ,  1964;  C h a u t h a n i ,  1968;  S t a i r s ,  
1 9 6 5 ) .  LC^q ' s c an  be  o b t a i n e d  by f e e d i n g  f o l i a g e  i n o c u l a t e d  w i t h  
v a r i o u s  c o n c e n t r a t i o n s  o f  v i r u s  t o  l a r v a e  ( B i r d ,  1969;  Cunningham, 
1970 ) .  The method o f  d e t e r m i n i n g  i n f e c t i v i t y  i n  t h i s  s t u d y  was 
d e v i s e d  by th e  a u t h o r  t o  e l i m i n a t e  a n y  v i r u s  i n a c t i v a t i o n  c a u s e d  
by i n h i b i t o r s  p r e s e n t  i n  t h e  d i e t  and t o  o b t a i n  a v a l u e  n o t  
d e p e n d e n t  upon t h e  amount o f  f o o d  consumed by e a c h  l a r v a .  Only 
f o u r  c o n c e n t r a t i o n s  of  t h e  1970 i s o l a t e  were  u s e d  a g a i n s t  l a r v a e ;  
s e v e n  c o n c e n t r a t i o n s  o f  t h e  1971 i s o l a t e  were  em ployed .  The f i r s t  
i s o l a t e  had  b e e n  k e p t  a t  4 C i n  an  u n p u r i f i e d  s t a t e  f o r  5-6  
months  b e f o r e  u s e .  The 1971 i s o l a t e  was p r e p a r e d  f rom  l a r v a e  t h a t  
had  d i e d  o f  t h e  d i s e a s e  one week p r i o r  to  i t s  u s e .  The v i r u s  had  
b een  m a i n t a i n e d  a t  room t e m p e r a t u r e .
D a ta  f rom  t h e  e x p e r i m e n t s  a r e  p r e s e n t e d  i n  T a b l e  3.
L o g -d o s a g e  p r o b i t  c u r v e s  r e p r e s e n t  t h e  d a t a  g r a p h i c a l l y  ( F i g .  25 
and  2 6 ) .  L a t e r  i n s t a r  l a r v a e  were  found  to  be  l e s s  s u s c e p t i b l e  to  
t h e  i s o l a t e s .  T h i s  o b s e r v a t i o n  s u b s t a n t i a t e s  r e p o r t s  o f  o t h e r  
i n v e s t i g a t o r s  ( B i r d ,  1969;  I g n o f f o ,  1 9 6 4 ) .  Such an  i n c r e a s e  i n  
d osage  r e q u i r e d  f o r  m o r t a l i t y  c o u l d  r e p r e s e n t  v i r u s  d i l u t i o n  due 
to  i n c r e a s i n g  s i z e  o f  t h e  l a r v a e  ( I g n o f f o ,  1966) o r  t h e  d e v e l o p m e n t  
c a u s e d  by l a r v a l  m a t u r a t i o n  ( S t a i r s ,  1 9 6 5 ) .
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T a b l e  3: L D ^g 's  o f  1970 and 1971 v i r a l  i s o l a t e s  o b t a i n e d  w i t h
3 r d ,  4 t h ,  and  5 t h  i n s t a r  P s e u d o p l u s l a  i n c l u d e n s  l a r v a e
1971 i s o l a t e b 
2 ,7 0 0  
2 ,650  
9 ,7 5 0
a 20-30  t e s t  l a r v a e / g r o u p  
k 30-40  t e s t  l a r v a e / g r o u p  
cLD<.q ' s were  d e t e r m i n e d  g r a p h i c a l l y .
i n s t a r  1970 i s o l a t e 5
t h i r d  365c
f o u r t h
f i f t h  1 ,6 5 0
F i g .  25: L og -dosage  p r o b i t  c u r v e s  f o r  3rd  and  5 t h  i n s t a r  P.
i n c l u d e n s  t r e a t e d  w i t h  t h e  1970 v i r a l  i s o l a t e .
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F i g .  26: L og -dosage  p r o b i t  c u r v e s  f o r  3 r d ,  4 t h ,  and 5 t h  i n s t a r  P.
i n c l u d e n s  t r e a t e d  w i t h  t h e  1971 v i r a l  i s o l a t e .
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LD^q ' s o b t a i n e d  w i t h  t h e  1971 v i r a l  i s o l a t e  were  g r e a t e r  
t h a n  t h o s e  o b t a i n e d  w i t h  t h e  1970 i s o l a t e .  The 1971 i s o l a t e  
u s e d  f o r  t h e s e  t e s t s  was d e r i v e d  f rom t r a c h e a l  t i s s u e  and  may 
a c c o u n t  f o r  d i f f e r e n c e s  i n  i n f e c t i v i t y  o b s e r v e d .
E x a m in a t io n  of  F i g .  25 and 26 shows h i g h e r  v i r u s  c o n c e n t r a t i o n s  
d i d  n o t  g i v e  g r e a t e r  m o r t a l i t y  i n  some c a s e s .  Two e x p l a n a t i o n s  
f o r  t h e s e  d a t a  can  be o f f e r e d :  (1)  l o o p e r s  e x h i b i t e d  much
h e t e r o g e n i c i t y  i n  r e s p o n s e  and  (2) a  l e v e l  of  r e s i s t a n c e  was 
p r e s e n t  among t h e  l o o p e r  p o p u l a t i o n  u sed  f o r  e x p e r i m e n t a t i o n .
D ata  f o r  the  1971 i s o l a t e  were more c o n s i s t e n t  p o s s i b l y  b e c a u s e  
more v i r u s  c o n c e n t r a t i o n s  were  t e s t e d  and  more l a r v a e  were  
r e p r e s e n t e d  p e r  g roup .
I n f e c t i v i t y  s t u d i e s  c o n d u c t e d  by o t h e r  a u t h o r s  w i t h  v i r u s e s
a g a i n s t  v a r i o u s  i n s e c t s  c a n n o t  be  d i r e c t l y  compared w i t h  r e s u l t s
o b t a i n e d  w i t h  t h e  so y b e a n  l o o p e r  s i n c e  t h e r e  were  d i f f e r e n c e s  i n
t e c h n i q u e .  I g n o f f o  (1964) d e t e r m i n e d  an  LD^q o f  2 3 7 .2  p o l y h e d r a / u l
of  d i e t  f o r  3 -day  o l d  cabbage  l o o p e r s  w i t h  an  NPV i s o l a t e d  f rom
th e  i n s e c t .  D i e t  employed c o n t a i n e d  c h l o r o t e t r a c y c l i n e  and
f o r m a l i n  to  i n h i b i t  g row th  o f  m i c r o o r g a n i s m s .  The same a u t h o r
2
( I g n o f f o ,  1965) r e p o r t e d  an  LD^q o f  3 2 .0  PIB 's /mm d i e t  s u r f a c e  
o b t a i n e d  w i t h  3-4  d a y - o l d  H e l i o t h i s  z ea  l a r v a e  w i t h  an  NPV i s o l a t e d  
f rom n a t u r a l l y  i n f e c t e d  H. z e a . F i f t y  p e r  c e n t  m o r t a l i t y  was 
o b s e r v e d  among 4 th  i n s t a r  l a r v a e  o f  th e  g r e a t e r  wax moth a f t e r
co n s u m p t io n  of  d i e t  cubes  t r e a t e d  w i t h  9 . 9 6  x 10^ p o l y h e d r a  s p e c i f i c  
f o r  t h i s  i n s e c t  ( S t a i r s ,  1 9 6 5 ) .  An o b t a i n e d  w i t h  e a s t e r n  hem­
l o c k  l o o p e r s  f e d  f o l i a g e  d i p p e d  i n  v a r i o u s  c o n c e n t r a t i o n s  o f  i t s  
homologous  NPV was r e p o r t e d  a s  10^*® by Cunningham (1970a ) . The 
LD^O' s o b t a i n e d  f o r  t h e  s o y b ean  l o o p e r  and  t h e  two v i r a l  i s o l a t e s  
i n d i c a t e  c o n s i d e r a b l e  p a t h o g e n i c i t y  o f  t h e  i s o l a t e s  u n d e r  
l a b o r a t o r y  c o n d i t i o n s .
R e s i s t a n c e  t o  v i r a l  d i s e a s e s  h a s  b e e n  p r o p o s e d  by v a r i o u s  
a u t h o r s .  D av id  and  G a r d i n e r  (1960) r e p o r t e d  t h a t  r e s i s t a n c e  to  
a v i r u s  d i s e a s e  had  d e v e l o p e d  by P i e r i s  b r a s s i c a e  w h ich  had  been  
l a b o r a t o r y - r e a r e d  f o r  9 y e a r s  and s u r v i v e d  a s e v e r e  a t t a c k  o f  
v i r u s .  R e s i s t a n c e  was b a s e d  on c o m p a r i s o n s  o f  L D ^ ' s  w i t h  a 
f r e s h l y  c a u g h t  w i l d  s t o c k  o f  P_. b r a s s i c a e . The s u g g e s t i o n  o f  a 
l a t e n t  v i r u s  i n f e c t i o n  i n  t h e  new s t o c k  was n e i t h e r  d i s p r o v e d  n o r  
s u b s t a n t i a t e d .  M a r t i g n o n i  and Schmid (1961) s t u d i e d  r e s i s t a n c e  
to  v i r u s  i n  n a t u r a l  p o p u l a t i o n s  of  L e p i d o p t e r a  c o l l e c t e d  f rom  
v a r i o u s  g e o g r a p h i c a l  l o c a t i o n s .  C u l t u r e s  o f  P_. r a p a e  f rom 
d i f f e r e n t  l o c a t i o n s  b ehave d  i n  an  i d e n t i c a l  f a s h i o n ,  w h i l e  some 
h e t e r o g e n e i t y  i n  r e s p o n s e  was s e e n  among P h r y g a n i d i a  c a l i f o r n i c a  
l a r v a e .  S a w f l i e s  (N e o d i p r i o n  s e r t i f e r )  have  b een  e f f e c t i v e l y  
c o n t r o l l e d  s i n c e  t h e  a c c i d e n t a l  i n t r o d u c t i o n  o f  a  n u c l e a r  
p o l y h e d r o s i s  v i r u s  i n  1931 w i t h  no e v i d e n c e  o f  i n c r e a s e d  
r e s i s t a n c e  ( B i r d ,  1 9 5 5 ) .  I n  g e n e r a l ,  i f  d i f f e r e n c e s  o f  
s u s c e p t i b i l i t y  e x i s t  be tw een  c u l t u r e s  o f  a n  i n s e c t ,  l a r v a e
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c o l l e c t e d  f rom  t h e  w i l d  a r e  more s u s c e p t i b l e  t o  v i r u s  d i s e a s e s  
th a n  l a b o r a t o r y - r e a r e d  s t o c k  ( S i d o r ,  1 9 5 9 ) .  T h e r e f o r e ,  i n  
e v a l u a t i n g  t h e  i n f e c t i v i t y  o f  v i r u s e s  to  l a b o r a t o r y - r e a r e d  i n s e c t s ,  
one must  c o n s i d e r  t h a t  c o n t i n u a l  s e l e c t i o n  o c c u r s  i n  th e  
l a b o r a t o r y  f o r  t h e  h e a l t h i e s t  i n d i v i d u a l s ,  t h o s e  t h a t  p u p a t e  and 
emerge f i r s t ,  and  a d u l t s  w i t h  t h e  g r e a t e s t  f e c u n d i t y .  Many o t h e r  
f a c t o r s  i n f l u e n c e  t h e  s u r v i v a l  of  i n s e c t s  c o l l e c t e d  f rom th e  
w i l d .  They a r e  a lw ays  i n  c o n t a c t  w i t h  p a t h o g e n i c  m i c r o o r g a n i s m s ,  
n e m a to d e s ,  and en tomogenous  p a r a s i t e s .  A d v e r s e  w e a t h e r  c o n d i t i o n s ,  
p o p u l a t i o n  d e n s i t y ,  and food  s c a r c i t y  can  make a p o p u l a t i o n  more 
s u s c e p t i b l e  to  o rg a n i s m s  t h a t  may n o t  be p a t h o g e n i c  un d e r  o t h e r  
c o n d i t i o n s .  T h e r e f o r e  c a r e  must  be  t a k e n  i n  e x t r a p o l a t i n g  
l a b o r a t o r y  d a t a  t o  f i e l d  c o n d i t i o n s .
E p i z o o t i c s  among i n s e c t s  c a u s e d  by en tomogenous  f u n g i  have  
been  d e s c r i b e d  by many a u t h o r s  (MacLeod,  1963;  R o b e r t s  and  Y endo l ,  
1971;  Yendol and  P a s c h k e ,  1 9 6 7 ) .  E f f o r t s  t o  p r o d u c e  e p i z o o t i c s  
among p e s t  s p e c i e s  a t  w i l l  h ave  f o r  t h e  most  p a r t  f a i l e d  (Cameron,  
1971;  L a t c h ,  1965; R o b e r t s  and Y en d o l ,  1971;  J a c q u e s ,  S t u l t z ,  and  
H u s to n ,  1 9 6 8 ) .  R o b e r t s  and  Yendol (1971)  have  d e s c r i b e d  t h e  
s t u d y  of  e p i z o o t i o l o g y  as  i n t e r a c t i o n s  among t h e  p a t h o g e n ,  h o s t ,  
and e n v i r o n m e n t ,  a l l  o f  w h ich  a r e  c h a n g i n g  a t  t h e  same t i m e .
Some f u n g i  t e n d  to  become l e s s  v i r u l e n t  when c u l t u r e d  o u t s i d e  o f  
t h e  h o s t  ( R o b e r t s ,  1967; West and  B r i g g s ,  1 9 6 8 ) ,  b u t  v i r u l e n c e  can  
u s u a l l y  be r e c o v e r e d  by p a s s a g e  th r o u g h  a h o s t  i n s e c t .  C o n id i a
85
o f  mos t  En tom oph tho ra  a r e  v i a b l e  f o r  o n l y  s h o r t  p e r i o d s  o f  t i m e .  
I n f e c t i v i t y  must  t h e n  b e  r e t a i n e d  by  r e s t i n g  s p o r e s  w h ich  g e r m i n a t e  
u n d e r  a p p r o p r i a t e  c o n d i t i o n s .  P o p u l a t i o n  d e n s i t y  o f  t h e  h o s t  
i n s e c t  i s  c r i t i c a l  f o r  some entomogenous  f u n g i ,  b u t  n o t  f o r  a l l  
( R o b e r t s  and Y endo l ,  1 9 7 1 ) .  E n v i r o n m e n t a l  c o n d i t i o n s  a r e  demand­
i n g  f o r  r e p r o d u c i b l e  c o n t r o l  of  i n s e c t s  by f u n g i  (Cameron,  1963;  
MacLeod and  S o p e r ,  1965;  R o b e r t s ,  1 9 6 7 ) .  T e m p e r a t u r e ,  m o i s t u r e ,  
l i g h t ,  a i r  c u r r e n t s ,  h o s t  d e n s i t y ,  p a t h o g e n  d e n s i t y ,  h o s t  a c t i v i t y ,  
and s t r e s s  a r e  a  few of e n v i r o n m e n t a l  p a r a m e t e r s  c o n s i d e r e d  
i m p o r t a n t  i n  t h e  e s t a b l i s h m e n t  and s p r e a d  o f  f u n g a l  p a t h o g e n s  
(MacLeod and  S o p e r ,  1 9 6 5 ) .
I f  f u n g i  a r e  t o  be  u sed  f o r  b i o l o g i c a l  c o n t r o l ,  methods  of 
mass p r o d u c t i o n  and  s t o r a g e  o f  i n f e c t i o u s  e n i t i t e s  must  be 
d e v e l o p e d .  S in c e  t h e  m a j o r i t y  o f  en tomogenous  f u n g i  a r e  i n h i b i t e d  
by co m m e rc i a l  i n s e c t i c i d e s  and  f u n g i c i d e s  i n t e g r a t e d  c o n t r o l  
p rogram s  w i t h  c h e m i c a l s  show l i t t l e  p ro m ise  a t  t h e  p r e s e n t  t ime 
( R o b e r t s  and  Y en d o l ,  1 9 7 1 ) .  I n  1890,  Kansas  f a r m e r s  a t t e m p t e d  
to  use t h e  fu n g u s  B e a u v e r i a  b a s s i a n a  f o r  c h i n c h  bug c o n t r o l .  The 
f o l l o w i n g  e x c e r p t  i s  f rom R o b e r t s  and  Y e n d o l ' s  d i s c u s s i o n  (1971)  
o f  t h e  a t t e m p t .
"The d r a m a t i c  r e d u c t i o n s  i n  c h i n c h  bug p o p u l a t i o n s  w hich  had  
b e e n  in d u c e d  by t h e  fungus  i n  t h e  same l o c a l i t y  a few y e a r s  
e a r l i e r  w i t h o u t  t h e  a i d  of  man c o u l d  n o t  be r e p r o d u c e d .  T h i s  
a p p a r e n t l y  l e d  t o  two c o n c l u s i o n s  . . . F i r s t ,  t h e  mere
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p r e s e n c e  o f  a  m i c r o b i a l  c o n t r o l  a g e n t  i s  n o t  a d e q u a t e  to  e n s u r e  
d e a t h  o f  ex p o s ed  i n s e c t s ,  i .  e .  t h e  e n v i ro n m e n t  i s  a  f a c t o r  o f  
p a ram eu n t  im p o r t a n c e  i n  d i s e a s e  i n d u c t i o n .  And s e c o n d ,  s i n c e  man 
h a s  no c o n t r o l  o v e r  t h e  e n v i r o n m e n t ,  t h e r e  i s  l i t t l e  hope f o r  
m i c r o b e s ,  p a r t i c u l a r l y  f u n g i ,  a s  d e p e n d a b le  m i c r o b i a l  c o n t r o l  
a g e n t s .  The r e c o g n i t i o n  of  t h e  i m p o r t a n c e  of  m i c r o c l i m a t e s  and  
t h e  p o s s i b i l i t y  of  i n c r e a s i n g  t h e  v i r u l e n c e  o f  t h e  fu n g u s  h a v e ,  
to  scma e x t e n t ,  m o d i f i e d  t h i s  n e g a t i v e  f e e l i n g .  N e v e r t h e l e s s  
a l m o s t  80 y e a r s  l a t e r ,  t h e s e  p o i n t s  a r e  s t i l l  v e r y  much i n  
e v i d e n c e  when m i c r o b i a l  c o n t r o l  w i t h  f u n g i  i s  d i s c u s s e d . "
V i r u s e s  show c o n s i d e r a b l e  p ro m is e  a s  b i o l o g i c a l  c o n t r o l  
a g e n t s .  C o t t o n  b o l lw o rm s ,  budworms,  G r e a t  B a s in  and  f o r e s t  t e n t  
c a t e r p i l l a r s ,  cabba ge  l o o p e r s ,  gyspy m o th s ,  w a t t l e  bagworms,  
A f r i c a n  and  c o s m o p o l i t a n  armyworms, c o t t o n  l e a f w o r m s ,  and  
i m p o r t e d  c ab b a g e  worms a r e  among t h e  many i n s e c t  s p e c i e s  t h a t  
have  b e e n  c o n t r o l l e d  by t h e i r  r e s p e c t i v e  v i r u s e s  ( I g n o f f o ,  1968;  
S t a i r s ,  1 9 7 1 ) .  S i x  s p e c i e s  of  s a w f l i e s  have  been  c o n t r o l l e d  f o r  
many y e a r s  by v i r u s e s  i n  C an ad ian  f o r e s t s .  T r a n s o v a r i a l  
t r a n s m i s s i o n  o f  v i r u s  o c c u r s  i n  t h r e e  o f  t h e s e  s p e c i e s  and 
e p i z o o t i c s  can  be i n i t i a t e d  when 10% of  t h e  e g g s  a r e  i n f e c t e d  
( B i r d ,  1 9 6 1 ) .
I n s e c t  v i r u s e s  a r e  r e l a t i v e l y  s t a b l e  under  e n v i r o n m e n t a l  
c o n d i t i o n s .  The NPV o f  T r i c h o p l u s i a  n i  ( c ab b a g e  l o o p e r )  h a s  b een  
shown to  r em a in  i n f e c t i v e  a f t e r  s e v e r a l  y e a r s  i n  t h e  s o i l  and  to
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i n i t i a t e  e p i z o o t i c s  y e a r  a f t e r  y e a r  ( J a c q u e s ,  1 9 7 0 ) .  U l t r a v i o l e t  
i r r a d i a t i o n  i s  d e t r i m e n t a l  t o  i n s e c t  v i r u s e s  ( M o r r i s ,  1 9 7 1 ) .
J a c q u e s  (1971) h a s  s t u d i e d  p r o t e c t a n t s  o f  v i r u s  r e s i d u e s  and 
r e p o r t e d  t h a t  p o l y h e d r a  su sp e n d e d  i n  1% I n d i a  i n k  and 3% egg 
a lb u m in  r e t a i n e d  90-96% o f  t h e  o r i g i n a l  a c t i v i t y  a f t e r  17 days  i n  
f i e l d  t e s t s .  M i c r o e n c a p s u l a t i o n  o f  an  NPV f a i l e d  to  g i v e  
p r o t e c t i o n  a g a i n s t  s u n l i g h t  ( I g n o f f o  and  B a t z e r ,  1 9 7 1 ) .  A non ­
o c c l u d e d  v i r u s ,  C h i l o  i r i d e s c e n t  v i r u s ,  r e t a i n e d  i n f e c t i v i t y  f o r  
b o l l  w e e v i l s  a f t e r  6 days  i n  t h e  f i e l d  when i n c o r p o r a t e d  i n t o  a 
b a i t  (M cLaugh l in ,  S c o t t ,  and B e l l ,  1 9 7 2 ) .
P r o d u c t i o n  o f  H e l i o t h i s  NPV was r e p o r t e d  to  be c o m m e r c i a l l y  
f e a s i b l e  ( I g n o f f o ,  1 9 6 4 ) .  S i x  s p e c i e s  of  H e l i o t h i s  l a r v a e  a r e  
s u s c e p t i b l e  t o  t h e  v i r u s  g i v i n g  i t  a b ro a d  m a rk e t  p o t e n t i a l  
( I g n o f f o ,  1 9 6 8 ) .  The v i r u s  i s  c o m p a t i b l e  w i t h  c h e m ic a l  
i n s e c t i c i d e s ,  s u r f a c t a n t s ,  and  f u n g i c i d e s  ( I g n o f f o ,  1968;  I g n o f f o ,  
Chapman, and  M a r t i n ,  1 9 6 5 ) .
I n s e c t  v i r u s e s  a r e  g e n e r a l l y  h i g h l y  s p e c i f i c  f o r  t h e  h o s t  
s p e c i e s .  I n  r a r e  i n s t a n c e s ,  i n f e c t i v i t y  o f  a v i r u s  can  be 
d e m o n s t r a t e d  f o r  i n s e c t s  i n  d i f f e r e n t  f a m i l i e s  and o r d e r s  ( I g n o f f o ,  
1 9 6 8 ) .  V e r t e b r a t e s  have  b een  t r e a t e d  w i t h  28 d i f f e r e n t  i n s e c t  
v i r u s e s  w i t h o u t  any  e v i d e n c e  o f  t o x i c i t y ,  p a t h o g e n i c i t y ,  o r  
a l l e r g e n i c i t y  ( I g n o f f o ,  1 9 6 8 ) .  E x t e n s i v e  t e s t i n g  h a s  b een  p e r fo rm e d  
w i t h  th e  NPV's o f  c o t t o n  bo l lworm s  and  cabba ge  l o o p e r s  to  a s s u r e  
t h e i r  s a f e t y  to  p l a n t s ,  a n i m a l s ,  and  b e n e f i c i a l  i n s e c t s  ( G r e e r ,  
I g n o f f o ,  and  A n d e r s o n ,  1971; H o s t e t t e r ,  1 9 7 1 ) .
A com m erc ia l  p r e p a r a t i o n  o f  t h e  H e l i o t h i s  NPV, VIRON/H™, 
h a s  r e c e n t l y  o b t a i n e d  a n  e x p e r i m e n t a l  l a b e l  f o r  u s e  on c o t t o n  
i n s e c t s .  T h i s  i s  t h e  f i r s t  v i r a l  p e s t i c i d e  r e g i s t e r e d  f o r  use  
i n  t h e  U n i t e d  S t a t e s .  R e g i s t r a t i o n  f o r  many more v i r a l  
p e s t i c i d e s  w i l l  u n d o u b t e d l y  be s o u g h t  i n  t h e  n e x t  s e v e r a l  y e a r s  
now t h a t  a  p r o t o c o l  f o r  e v a l u a t i n g  i n s e c t  v i r u s e s  h a s  been  
e s t a b l i s h e d .
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